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EGGS  AND  RAPAGULA  OF  ULULODES  AND 
ASCALOPTYNX  (NEUROPTERA:  ASCALAPHIDAE) : 
A COMPARATIVE  STUDY* 

By  Charles  S.  Henry 
Biological  Laboratories 

Harvard  University,  Cambridge,  Mass.  02138 
I.  Introduction 

Ascalaphidae  is  a fairly  large  family  of  planipennian  Neuroptera, 
encompassing  perhaps  300  species  in  65  genera,  yet  relatively  little 
is  known  of  the  biology  of  its  various  representatives.  Although 
several  systematic  monographs  concerned  exclusively  with  the  family 
have  been  published  (Lefebvre,  1842;  Rambur,  1842;  McLachlan, 
1871;  Van  der  Weele,  1908;  Navas,  1913),  attempts  to  discern  the 
true  phylogenetic  relationships  among  the  various  genera  and  other 
taxa  must  necessarily  await  studies  of  life-history  and  behavior.  In 
fact,  definite  larva-adult  associations  are  lacking  for  a great  majority 
of  ascalaphid  species.  Larvae  have  been  reliably  identified  only  for 
the  genera  Ascalaphus  Fabricius,  1 Helicomitus  McLachlan,  Pseudo - 
ptynx  Weele,  Suhpalacsa  Lefebvre,  and  Ululodes  Currie,  all  be- 
longing to  the  “split-eyed”  subfamily  Ascalaphinae ; of  the  “entire- 
eyed”  subfamily  Neuroptynginae,  only  Ascaloptynx  Banks  has  been 
associated  with  a larval  type  (MacLeod,  1970:  p.  155). 

I have  succeeded  in  rearing  an  additional  species  of  Ululodes  from 
egg  to  adult:  Ululodes  mexicana  (McLachlan),  common  in  northern 
Mexico  and  southern  Arizona  and  New  Mexico.  I have  also  been 
able  to  compare  the  form  and  habits  of  the  various  life  stages  of 
this  species  with  those  of  a sympatric  neuroptyngine  species,  Ascalo- 
ptynx furciger  (McLachlan).  The  identity  of  this  last-named  species 
is  inferred,  but  based  upon  various  types  of  evidence:  (1)  third- 

instar  larvae,  raised  from  field-collected  eggs,  were  positively  identi- 
fied by  Dr.  Ellis  G.  MacLeod  (University  of  Illinois)  as  those  of 
Ascaloptynx ; (2)  the  only  species  of  the  genus  Ascaloptynx  — or, 
for  that  matter,  of  subfamily  Neuroptynginae  — ever  taken  at  the 

* Manuscript  received  by  the  editor  August  1,  1972. 
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collecting  sites  in  question  is  furciger;  (3)  males  and  females  of 
Ascaloptynx  furciger  were  captured  in  fair  abundance  in  the  same 
areas  and  at  the  same  time  of  year  that  eggs  and  young  larvae  were 
collected;  (4)  dissections  of  gravid  A.  furciger  females  revealed 
eggs  and  egg-attendants  (see  text)  that  were  in  every  respect  identical 
to  field-laid  eggs  that  yielded  Ascaloptynx  larvae. 

The  first  student  of  ascalaphid  life-history  was  the  Reverend  L. 
Guilding,  whose  1827  account  of  the  various  life  stages  of  Ululodes 
macleayana  (Guilding)*  from  St.  Vincent’s  Island  in  the  West 
Indies  remains  one  of  the  best  such  studies  ever  published.  In  de- 
scribing the  eggs  of  this  species,  he  noted  the  presence  of  curious 
rod-shaped  structures  encircling  the  twig  beneath  the  egg-mass.  He 
called  these  egg-attendants  “repagula,”**  meaning  “barriers,”  be- 
cause he  believed  that  they  prevented  ants  and  other  predators  from 
approaching  and  destroying  the  eggs  and  newly  hatched  larvae  ; con- 
versely, he  felt  that  the  repagula  discouraged  the  larvae  from  leaving 
their  twig  “until  they  have  acquired  strength  to  resist  . . . [their] 
enemies.”  McClendon  (1901)  also  noted  repagula  accompanying 
the  eggs  of  Ululodes  hyalina  (Latreille)  [believed  by  MacLeod 
(1964)  to  be  Ululodes  senex  (Burmeister) ] from  Texas;  he  con- 
firmed Guilding’s  description  of  these  structures  and  concluded  from 
his  dissections  of  gravid  female  ascalaphids  (unfortunately  unillus- 
trated) that  certain  ovarioles  (“tubercles”)  were  specialized  for  the 
production  of  repagula.  Thus  it  was  shown  that  repagula  were  in 
fact  abortive  eggs.  Seventy  years  later,  New  (1971),  apparently 
overlooking  the  papers  of  Guilding  and  McClendon,  re-introduced 
the  concept  of  ovariolar  dimorphism  in  his  cursory  study  of  the  eggs 
and  repagula  of  eight  species  of  Ascalaphidae  from  central  Brazil. 
New’s  paper  is  important,  nonetheless,  for  two  reasons:  first,  it 
proved  that  repagula-formation  is  not  unique  to  the  genus  Ululodes 
but  is  also  found  in  the  closely-allied  genera  Colohopterus  Rambur, 
Ascalorphne  Banks  and  Cordulecerus  Rambur,  and  in  the  neuro- 
ptyngine  genera  By  as  Rambur  and  Episperches  Gerstaecker;  secondly, 
it  suggested  that  the  repagula  of  neuroptyngine  species  are  funda- 
mentally different  in  form  from  those  of  ascalaphine  species  — the 
former  type  more  nearly  resembling  fertile  eggs  than  the  latter  type. 

The  functional  significance  of  repagula  has  not  been  investigated. 
Most  authors  (Imms,  1957,  for  example)  have  accepted  Guilding’s 
“ant  guard”  view.  New  (1971)  intimates  that  repagula  and  eggs 


*Guilding’s  name  for  this  species  was  Ascalaphus  macleayanus. 

**singular  = repagulum. 
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alike  of  Ululodes  were  carried  off  by  ants  in  Brazil,  but  admits 
that  more  controlled  experimentation  is  needed  to  assess  the  effects 
of  the  repagula  on  egg  or  larval  survival.  Through  my  studies  of 
the  life-histories  of  Ululodes  mexicana  and  Ascaloptynx  furciger , 
I have  been  placed  in  a unique  position  to  verify  or  disprove  experi- 
mentally the  ant-guard  hypothesis,  as  it  applies  to  these  representa- 
tive species  of  two  taxonomically  distant  genera.  Especially  important 
is  the  fact  that  Ululodes  is  an  ascalaphine  genus  while  Ascaloptynx 
is  a neuroptyngine  one,  thus  encouraging  direct  comparison  of  the 
functional  significance  of  the  morphologically  disparate  repagula  char- 
acteristic of  the  members  of  these  subfamilies.  In  the  remainder  of  this 
paper,  I intend  ( i ) to  describe  the  eggs  and  repagula  of  Ululodes 
mexicana  and  Ascaloptynx  furciger , (2)  to  outline  the  procedures 
and  results  of  several  simple  experiments  undertaken  to  test  the 
protective  importance  of  the  repagula  of  both  species,  and  (3)  to 
discuss  the  functional  significance  of  the  ascalaphine  type  of  egg  and 
repagula  as  compared  to  that  of  the  neuroptyngine  type. 
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Figure  1.  Typical  sites  for  oviposition,  Ululodes  mexicana  (1-a)  and 
Ascaloptynx  jurciger  (1-b). 

Year-round  financial  support  for  my  studies  was  for  three  years 
provided  by  the  National  Science  Foundation,  in  the  form  of  a 
Pre-Doctoral  Fellowship  (September,  1968  to  September,  1971).  A 
final  fourth  year  of  research  was  completed  with  the  aid  of  a Rich- 
mond Fellowship  (i97i-’72)  offered  through  Harvard’s  Department 
of  Biology.  Unusual  expenses  associated  with  travel  to  the  field  and 
with  publication  of  this  paper  were  generously  advanced  by  the 
Committee  on  Evolutionary  Biology,  Harvard  University  (NSF 
Grant  GB  2791 1,  Reed  Rollins,  Harvard  University,  Principal 
Investigator) . 

III.  Methods  and  Materials 

Eggs  of  both  JJlulodes  mexicana  and  Ascaloptynx  jurciger  were 
collected  during  August  and  September  in  the  southeastern  part  of 
Arizona,  within  a 25-mile  radius  of  the  Southwestern  Research 
Station  of  the  American  Museum  of  Natural  History  (SWRS). 
All  egg-masses,  25  of  Ululodes  and  35  of  Ascaloptynx , were  taken 
on  shrubs  in  the  arroyos  and  canyons  of  the  Chiricahua  and  Peloncillo 
Mountains,  at  elevations  of  4700  to  5700  feet  (1 500-1800  meters). 
Several  egg-masses  were  left  in  situ  and  visited  twice  daily;  others 
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were  placed  twigs  and  all  in  2.5  cm  X 9.0  cm  glass  screw-top  vials 
and  transported  carefully  to  the  research  station  laboratory.  There, 
the  egg-bearing  twigs  were  taped  in  their  “natural”  positions,  covered 
with  large  glass  jars  for  observation  and  situated  in  a southwest 
window  shielded  by  heavy  curtains  form  the  vicissitudes  of  indoor 
artificial  light.  Complete  records  from  oviposition  through  hatching 
to  descent  of  larvae  were  obtained  for  seven  egg-masses  of  Ululodes 
and  eight  of  Ascaloptynx . Additional  egg-clumps  of  both  species  of 
Ascalaphidae  were  exposed  to  several  natural  and  exotic  insect  preda- 
tors (mostly  ants)  under  various  experimental  conditions,  to  ascertain 
the  effectiveness  of  the  repagula.  In  each  experiment,  for  each 
ascalaphid  species,  two  normal  egg-masses  and  one  egg-mass  stripped 
of  its  repagula  were  mounted  (on  their  respective  twigs)  in  the 
vicinity  of  foraging  ants,  in  such  a manner  that  the  bottom-most 
egg  of  each  clump  was  positioned  16  cm  above  the  ground.  The 
behavioral  details  and  success  of  each  foray  of  an  ant  (or  other 
insect)  up  an  egg-bearing  twig  were  carefully  noted.  Similar 
experiments  were  carried  out  using  hatched  egg-masses,  prior  to 
descent  of  the  larvae  from  their  twigs. 

Closer  observation  and  dissection  of  eggs,  repagula,  and  gravid 
female  ascalaphids  were  undertaken  beneath  a Wild  M5  stereoscopic 
dissecting  ’scope  outfitted  with  an  integral  camera  lucida  attachment; 
most  of  the  illustrations  included  with  this  paper  were  rendered 
with  the  aid  of  this  precision  imaging  device.  Extremely  small 
specimens  and  structures  were  treated  with  xylene  and  mounted  in 
Damar  on  depression-slides  and  observed  at  higher  magnification 
using  a Bausch  and  Lomb  stereoscopic  compound  microscope  with 
one  ocular  fitted  with  a 10  X 10  micrometer  grid  to  insure  accurate 
drawings. 

IV.  Descriptions  of  Eggs  and  Repagula 

A.  Ululodes  mexicana  (McLachlan) 

Adults  of  U.  mexicana  appear  in  large  numbers  in  southeastern 
Arizona  at  the  beginning  of  August,  and  remain  abundant  until  the 
time  of  first  frost  — - mid  or  late  October.  Males  apparently  die  off 
by  early  September,  while  females,  which  individually  may  live  three 
months  or  more  under  laboratory  conditions,  begin  laying  eggs  at 
the  start  of  the  dry  season  in  September  and  continue  ovipositing  far 
into  October.  Females  display  great  selectivity  in  their  choice  of 
sites  for  oviposition,  but  are  quite  unselective  of  the  particular 
species  of  plant:  eggs  are  laid  probably  at  dawn  on  the  thin  periph- 
eral dead  twigs  of  any  two  or  four  foot  deciduous  shrub  growing 
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Figure  2.  Egg-mass  of  Ululodes  mexicana.  Fertile  eggs  (E)  and  repagula  (R)  in  natural  position. 
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on  totally  exposed,  south-facing  embankments  of  dry  arroyos  and 
canyons  (figure  i-a).  The  insects  always  seem  to  choose  inclined 
rather  than  vertical  twigs,  and  seek  out  the  downhill  sides  of  the 
bushes  in  preference  to  any  other  spots;  this  latter  choice  gives 
the  hatched  larvae  an  unobstructed  fall  of  50  to  85  cm  (18-30 
inches)  to  the  crumbling  rocky  substrate  below. 

U.  mexicana  eggs  are  laid  on  the  undersides  and  towards  the  tips 
of  their  twigs,  in  two  long  interdigitating  rows  together  totalling 
30  to  as  many  as  52  eggs  (figure  2).  Each  freshly  laid  egg  is  light 
grey  or  cream-grey  in  color  and  oblong  in  shape,  averaging  1.6  to 
2.0  mm  in  length  and  0.8  to  1.0  mm  in  diameter;  all  the  eggs  in 
a given  egg-mass  will  be  of  roughly  equivalent  size,  but  different 
egg-masses  will  vary  considerably  in  their  egg  dimensions.  The  eggs 
are  laid  on  end,  inclined  slightly  toward  the  tip  of  the  twig.  They 
are  attached  to  the  substrate  by  a shiny  reddish-brown  glue.  Each 
egg  possesses  two  identical,  pale  micropyles,  about  0.1  mm  in  diameter, 
axially  located  one  at  each  end;  high  power  examination  reveals 
the  micropyle  to  be  saucer-shaped,  constructed  of  approximately 
twenty  ribs  or  channels  radiating  from  a central  depression  (figure 
3 -A).  Except  for  the  micropylar  sculpturing  and  a very  slight 
graininess  to  the  balance  of  the  egg  surface,  the  Ululodes  chorion 
displays  no  elaborate  fine-stucture. 


Figure  3.  Micropyles  of  Ululodes  mexicana  (A)  and  Ascaloptynx 
furciger  (B)  eggs. 
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Three  to  four  days  after  oviposition  there  appears  a diffuse  whitish 
line  nearly  girdling  the  egg  a short  distance  from  its  distal  pole 
(figure  4).  This  line  circumscribes  an  arc  of  270  degrees  and  marks 
the  line  of  weakness  along  which  the  egg  will  split  as  the  larva 
emerges;  the  extent  of  the  weakened  area  and  the  positioning  of 
each  egg  at  the  time  of  laying  assures  that  the  “cap”  of  each  egg 
will  remain  attached  to  the  main  egg  body  by  a “hinge”  and  will 
flip  toward  the  midline  of  the  egg-mass  at  the  time  of  hatching.  It 
can  be  seen  (figure  4)  that  the  developing  embryo  conforms  to  no 
strict  rule  of  position  within  the  egg  except  to  have  its  head  end 
toward  the  egg’s  distal  pole.  A few  days  prior  to  hatching,  the 
whitish  outline  of  the  embryo  disappears  and  the  sides  of  the  egg 
cave  in  slightly;  the  egg  progressively  darkens  to  a slate-grey  color 
and  hatches  on  the  fifteenth  or  sixteenth  day  after  oviposition. 

The  repagula  of  Uliilodes  mexicana  do  not  resemble  the  eggs  at 
all.  They  are  rod-  or  club-shaped  structures,  reddish-brown  and 
shiny  in  apperance,  surrounding  the  twig  bristle-like  five  to  ten 
millimeters  below  the  egg-mass  (figure  2).  Sometimes  they  are 
arranged  in  a series  of  neat  rings  but  more  usually  are  rather 
irregularly  placed.  Each  repagulum  is  approximately  two-thirds  the 
length  of  a normal  egg,  measuring  1.2  to  1.4  mm  in  length  and 
0.25  to  0.30  mm  at  its  widest  point;  it  appears  to  lack  any  vestige 
of  a micropyle,  despite  its  ovariolar  origin.  It  is  characterized  by  a 
small,  round,  light-colored  basal  swelling  and  a larger,  oblong, 
darker  distal  swelling,  joined  by  a thin  translucent  stem  (figure 
5-B).  The  over-all  reddish  hue  is  apparently  imparted  by  the  shiny 
fluid  coating  each  repagulum.  This  non-sticky  fluid  should  not  be 
confused  with  the  hard  brownish  glue  that  secures  both  eggs  and 
repagula  to  the  stem:  it  neither  hardens  upon  nor  evaporates  from 
the  repagulum  surface  for  at  least  three  to  four  weeks  after  ovi- 
position. Long  after  the  true  eggs  have  hatched,  these  strange 
barriers  gradually  collapse,  their  surfaces  choked  with  debris. 

Apparently  the  repagula  are  extruded  from  the  female’s  body 
after  she  has  deposited  her  eggs,  since  in  laboratory  situations  repagula 
are  often  found  glued  randomly  to  the  surfaces  of  the  eggs.  Thus 
it  would  seem  that  the  Ululodes  female  oviposits  progressively  from 
the  tip  of  the  twig  towards  its  base,  with  her  head  oriented  down- 
ward; such  a view  agrees  with  what  we  know  of  the  standard  rest- 
posture  of  Ascalaphidae.  Typically,  four  of  the  twelve  ovarioles  in 
each  of  the  female’s  ovaries  are  modified  for  the  production  of 
repagula  (figure  6).  However,  the  insect  is  nevertheless  capable 
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Figure  4.  Detail  of  eggs  of  Ululodes  mexicana,  three  to  four  days  old. 

of  depositing  as  many  as  or  more  repagula  than  eggs  at  any  given 
time,  since  each  modified  ovariole  can  store  many  more  “mature” 
repagula  than  a normal  ovariole  can  eggs.  Stored  repagula  show 
no  trace  of  the  reddish  color  characteristic  of  oviposited  repagula, 
suggesting  that  the  red  fluid  is  secreted  by  some  accessory  gland  at 
the  time  of  deposition. 

B.  Ascaloptynx  furciger  (McLachlan) 

Adults  of  Ascaloptynx  furciger  are  active  earlier  in  the  summer 
than  U.  mexicana , seemingly  being  most  abundant  in  southeastern 
Arizona  during  the  rainy  season,  from  early  June  to  early  September. 
As  in  Ululodes , males  become  less  common  in  the  latter  half  of  this 
time  period.  Eggs  are  in  greatest  evidence  during  August,  with 
chalcidoid  parasitism  destroying  95  percent  of  the  egg-masses  de- 
posited after  September  1.  Again  like  Ululodes , ovipositing 
Ascaloptynx  females  are  extraordinarily  habitat  specific,  yet  display 
little  preference  for  particular  plant  species:  eggs  are  laid  on  the 
thin  terminal  dead  twigs  of  any  one  to  two  foot  perennial  or  grass 
clump  growing  in  protected  semi-shaded  locales  in  the  foothills  of 
the  mountains,  where  rainfall  is  relatively  great  and  scrub  oak 
( Quercus  emoryi  and  0.  arizonicus)  and  juniper  ( Juniperus  dep- 
peana ) abound.  In  contrast  to  UlulodesJ  vertically  oriented  twigs 
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Figure  5.  Comparison  of  the  repagula  (r)  and  eggs  (e)  of  Ascaloptynx 
furciger  (A)  and  Ululodes  mexicana  (B). 

or  grass-stems  are  always  selected  (figures  i-b)  ; the  substrate  be- 
neath the  egg-clumps  is  nearly  always  densely  strewn  with  dry  oak 
litter. 

Ascaloptynx  furciger  eggs  are  laid  in  dense  clumps  completely 
surrounding  their  twigs,  near  the  tips  of  the  stems,  perhaps  22  to 
55  cm  (8  to  18  inches)  from  the  ground.  The  structure  of  the  egg- 
mass  suggests  that  it  might  consist  of  several  long,  parallel,  tightly- 
spiraling  rows  of  eggs.  These  clumps  typically  include  35  to  45 
ovoid  eggs,  each  one  glued  by  its  mid-section  to  its  twig  with  its 
longer  dimension  oriented  nearly  horizontally  (figure  7).  The 
freshly  laid  Ascaloptynx  egg  is  bright  yellow-ochre  in  color,  aver- 
aging 2.1  to  2.4  mm  in  length  and  1.2  to  1.3  mm  in  diameter;  it  is 
thus  larger  and  proportionally  less  elongate  than  that  of  Ululodes. 
It  possesses  two  axially  located  micropyles,  about  0.15  mm  in 
diameter,  identical  to  those  of  Ululodes  in  all  respects  except  size 
(figure  3-B).  The  chorion  of  the  egg  displays  no  sculpturing. 

As  in  Ululodes ' several  days  after  oviposition  a whitish  girdling 
line  appears  at  the  “head”  end  of  the  egg,  outlining  the  extent  of 
the  egg  cap  (figure  8).  In  Ascaloptynx , positioning  of  the  eggs  on 
the  twig  assures  that  every  egg  cap  will  flip  downward  on  its  hinge; 
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in  fact,  the  cephalic  (cap)  pole  of  each  egg  is  slightly  lower  than 
its  opposite  pole  and  related  to  the  cephalic  poles  of  its  neighbors 
in  such  a way  that  no  larva  interferes  with  another  during  hatching. 
It  is  of  interest  that  in  Ascaloptynx  the  whitish  outline  of  the 
developing  embryo  always  appears  on  the  dorsal  surface  of  the  egg. 
As  in  Ululodes , this  outline  disappears  as  the  egg  gradually  darkens 
to  a muddy  brownish-yellow  color  and  acquires  a semi-collapsed 
appearance  several  days  before  hatching;  eelosion  occurs  a minimum 
of  14  days  after  oviposition. 

The  repagula  of  Ascaloptynx  furciger  appear  to  be  miniaturized 
versions  of  fertile  eggs:  each  is  identical  to  a full-sized  egg  in  color, 
proportion,  micropylar  structure,  and  orientatation  (figure  5-A). 
Typically,  a repagulum  in  this  species  measures  1.3  to  1.4  mm  by 
0.65  to  0.70  mm;  it  has  no  fluid  of  any  kind  on  its  surface.  In  all 
egg-masses  examined,  repagula  occurred  in  a small  group  immediately 
below  (and  continuous  with)  the  main  egg  clump,  and  in  a larger 
group  about  10  cm  further  down  the  twig;  frequently,  one  or  two 
additional,  smaller  masses  of  repagula  would  be  present,  spaced 
varying  distances  below  the  largest  clump  (figure  7,  “R3”).  Usually 
the  masses  of  repagula  surround  the  twig  in  the  same  manner  as 
fertile  eggs,  but  occasionally,  especially  on  large  stems,  the  repagula 
are  deposited  in  an  obvious  spiral  pattern.  Dissections  of  Ascaloptynx 
females  reveal  an  arrangement  of  specialized  ovarioles  similar  to  that 
in  Ululodes;  however,  poor  preservation  prevented  reliable  con- 
clusions as  to  numbers  of  ovarioles  present  and  modified.  Field- 
collected  egg-masses  always  exhibit  slightly  higher  numbers  of  fertile 
eggs  than  of  repagula. 

V.  Predation  Experiments 

Experimental  exposure  of  the  eggs  and  repagula  of  both  ascalaphid 
species  involved  three  situations:  (1)  natural  predation  by  Dory- 

myrmex  pyramicus,  Formica  sp.  and  Pogonomyrmex  sp.  at  the  site 
of  the  Southwestern  Research  Station  (5400  feet);  (2)  natural 
predation  by  Pheidole  sp.,  Paratrechina  sp.,  Crematogaster  sp., 
Dorymyrmex  pyramicus t and  Formica  sp.  at  a typical  egg-collecting 
site  near  Crystal  Cave  in  the  Chiricahua  Mountains  (5700  feet); 
and  (3)  artificially-induced  predation  by  Mononvorium  sp.  intro- 
duced to  the  Harvard  Biological  Laboratories  (Cambridge,  Massa- 
chusetts) from  Brazil. 

A.  Ululodes  mexicana 

In  all  experimental  situations,  Ululodes  mexicana  eggs  protected 
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Figure  6.  Ventral  dissection  of  gravid  female  Ululodes  mexicana,  show- 
ing normal  ovarioles  (Oe)  and  those  specially  modified  for  the  production 
of  repagula  (Or). 

by  their  repagula  were  unassailable  by  any  species  of  ant,  even 
large  5mm)  Formica  sp.  (see  Table  1 ) ; on  the  other  hand, 
unprotected  eggs  were  quickly  discovered  and  carried  old  by  all  ant 
species  tested.  Ants  ascending  the  twigs  and  touching  the  repagula 
with  their  antennae  would  immediately  and  violently  withdraw, 
occasionally  falling  to  the  ground.  An  intense  period  of  antenna- 
cleaning, lasting  from  15  to  60  seconds,  always  followed  such  con- 
tact. Experiments  under  laboratory  conditions  using  the  exotic 
Brazilian  ant  Monomorium  sp.  (2  mm  long)  indicated  that  con- 
tact with  one  repagulum  alone  was  sufficient  to  discourage  an  ant 
from  ascending  the  twig.  Artificial  “repagula”  made  from  short 
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Table  1.  Tabulation  of  the  susceptibility  of  Ululodes  mexicana  and  Ascaloptynx  furciger  egg-masses  to 
attack  by  various  species  of  ants.  Succ.  = successful  attack,  defined  by  ant  ascending  16  cm  of  twig  to  bottom- 
most true  egg.  Fail  — unsuccessful  attack:  ant  does  not  reach  bottom-most  egg.  a and  b = field-collected 
egg-masses,  complete  with  protective  repagula.  contr.  — control,  field-collected  egg-masses  stripped  of  their 
repagula. 
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threads  coated  with  mineral  oil  were  partially  effective  as  guards 
against  Monomorium}  but  induced  in  the  ant  simple  avoidance 
rather  than  active  withdrawal;  a single  artificial  “repagulum” 
proved  totally  inadequate  for  protecting  an  egg-clump. 

Our  field  data  is  most  complete  and  convincing  for  the  ground- 
and  low-bush-foraging  species  Dorymyrmex  pyramicus  (3  to  4 mm 
long).  This  is  fortunate  in  the  sense  that  pyramicus  appears  to  be 
quite  abundant  in  areas  normally  chosen  by  Ululodes  for  ovi- 
position;  however,  Formica  sp.,  Crematogaster  sp.,  and  several 
other  undetermined  species  of  bush-foraging  ants  are  also  potentially 
important  egg  predators  and  should  be  more  extensively  tested. 

The  ant-fences  of  Ululodes  are  equally  effective  against  ant 
predators  after  hatching  has  occurred  and  the  larvae  are  sitting  in 
a group  on  their  eggshells;  in  fact,  repagula  remain  full  and  fluid- 
covered  even  three  weeks  after  eclosion,  while  the  larvae  apparently 
rest  on  the  twigs  for  no  more  than  ten  days.  Insect  predators  or 
other  disturbances  introduced  artificially  elicit  no  defensive  reactions 
from  the  larvae  during  their  gregarious  phase.  Instead,  upset  larvae 
simply  drop  to  the  ground,  suspended  at  first  on  silken  threads  two 
to  three  centimeters  long. 

B.  Ascaloptynx  furciger 

The  repagula  of  Ascaloptynx  furciger  seemingly  serve  no  dis- 
cernable  protective  function.  No  species  of  ant  tested  (see  Table  1) 
displayed  any  pronounced  or  consistent  negative  reaction  to  the 
repagula.  However,  despite  the  accessibility  of  the  main  egg-mass 
to  ant  predators,  no  eggs  were  broken  or  carried  off  in  the  course  of 
these  experiments.  Ants  were  observed  to  probe  and  bite  the  eggs, 
but  even  robust  specimens  of  Formica  sp.  and  Pogonomyrmex  sp.* 
seemed  unable  to  pierce  the  shells.  Repagula.,  too,  for  the  most  part 
remained  unharmed;  in  the  one  case  where  a Formica  sp.  crushed 
a repagulum  in  its  jaws,  the  ant  showed  no  further  interest  in  eating 
the  structure  or  retrieving  it  for  the  colony.  Admittedly,  our  sample- 
sizes  are  quite  small  and  incomplete  so  far  as  ant  species  are  con- 
cerned, but  the  contrast  between  the  reactions  of  ants  to  Ululodes 
eggs  and  repagula  compared  with  their  reactions  to  those  of  Asca- 
loptynx is  striking. 

The  repagula  of  recently  hatched  Ascaloptynx  egg-masses  always 
appear  to  be  shriveled  or  collapsed,  almost  as  if  the  abortive  eggs 
had  been  consumed  by  predators.  Observations  of  the  activities  of 


*Pogonomyrmex  is  not  normally  a twig-forager:  the  egg-mass  was  thrown 
directly  on  to  the  nest  mound,  at  midday. 
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Figure  7.  Egg-mass  of  Ascaloptynx  furciger.  Fertile  eggs  (E)  and 
repagula  (Ri,  R2,  Ra)  in  natural  position. 
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newly  hatched  larvae  reveal  that  each  Ascaloptynx  larva,  within 
three  hours  of  eclosion,  descends  the  twig  to  the  level  of  one  or 
another  of  the  rings  of  repagula  and  feeds  upon  the  contents  of  one 
or  two  abortive  eggs.  The  repagula  are  punctured  by  the  sickle- 
shaped sucking  mouthparts.  No  attempt  is  made  to  pierce  fertile, 
unhatched  eggs.  Perhaps  75  percent  of  the  brood  obtain  a first 
meal  in  this  fashion;  then,  all  return  back  up  the  twig  and  settle 
head-downwards  on  and  above  the  empty  eggshells,  overlapping  like 
shingles  in  such  a manner  that  only  the  heads  and  jaws  of  individual 
larvae  are  visible  (figure  9).  Unlike  Ululodes  larvae,  Ascaloptynx 
larvae  actively  defend  themselves  against  predators  during  the  seven 
to  ten  days  spent  on  the  twig:  small  invaders  like  fruit-flies  or 
midges  will  be  captured  and  eaten  by  individual  larvae,  but  larger 
predators  or  ants  induce  a mass  response  consisting  of  head-rearing 
and  rapid  snapping  of  the  jaws  (figure  9).  This  reaction  has  been 
seen  to  discourage  wasps  (15  mm)  and  caterpillars  (25  mm)  and 
presumably  would  be  effective  against  a wide  array  of  enemies; 
however,  more  intense  and  persistent  disturbances  cause  the  larvae 
to  drop  from  their  twigs  to  the  ground.  It  should  be  noted  here 
that  the  first-instar  larvae  of  neither  Ascaloptynx  nor  Ululodes  can 
individually  resist  attacks  by  even  small  ants  like  Monomorimn  sp. ; 
second-  and  third-instar  larvae  of  both  species  seem  to  be  less 
vulnerable. 

VI.  Discussion 

It  is  difficult  meaningfully  to  compare  the  eggs  and  repagula  of 
Ululodes  mexicana  and  Ascaloptynx  furciger  with  those  of  other 
types  of  owlflies,  largely  because  our  ignorance  of  the  biology  of 
other  ascalaphids  is  so  profound.  Only  the  eggs  of  ascalaphine 
species  have  been  described  in  any  kind  of  detail.  New  (1971) 
observed  the  eggs  and  repagula  of  two  species  in  the  neuroptyngine 
genera  Byas  and  Episperches , but  his  descriptions  are  by  no  means 
complete.  Despite  such  difficulties,  we  will  attempt  some  compari- 
sons of  our  findings  with  those  of  other  workers,  and  will  emphasize 
wherever  possible  the  phylogenetic  implications  of  these  comparisons, 
especially  as  they  bear  upon  the  relationship  between  the  Ascalaphinae 
and  Neuroptynginae. 

A.  The  Egg 

In  general  form,  color,  and  size  the  eggs  of  Ululodes  and  Asca- 
loptynx resemble  those  described  for  other  ascalaphids:  European 
Ascalaphus  macaronius  (Scopoli)  (Brauer,  1854)  and  Ascalaphus 
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Figure  8.  Detail  of  eggs  of  Ascaloptynx  furciger,  three  to  four  days  old. 


longicornis  Linnaeus  (Ragonot,  1878)  ; Indian  Helicomitus  insimu- 
lans  (Walker)  (Westwood,  1888)  and  H.  dicax  (Walker)  (Ghosh, 
1913)  >’  Central  and  South  American  Colobopterus  sp.  (Withycombe, 
1925)  and  C.  dissimilis  McLachlan  (New,  1971);  American 
Ululodes  (various  species,  described  by  Guilding,  1827;  McClendon, 
1901;  New,  1971);  Madagascan  Balanopteryx  umbraticus  Fraser 
(Fraser,  1957)  ,*  and  Brazilian  By  as  sp.,  Episperches  arenosus 
(Walker),  Ascalorphne  impavida  (Walker),  and  Cordulecerus 
alopecinus  (Burmeister)  (New,  1971).  Those  of  Ascaloptynx 
furciger  seem  to  be  larger  and  more  colorful  than  most,  rivaling 
in  size  the  eggs  of  the  neuroptyngine  genus  Byas  (New,  1971) 
and  in  color  the  yellowish  eggs  of  Ascalaphus  (Brauer,  1854; 
Ragonot,  1878;  Navas,  1915).  The  structure  and  placement  of  the 
micropyles  observed  in  both  Arizona  species  are  basically  the  same 
as  in  other  species  of  Ascalaphidae  and  Myrmeleontidae  (Withy- 
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Figure  9.  Mass  defensive  reaction  by  newly  hatched,  gregarious  larvae 
of  Ascaloptynx  furciger. 
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combe,  1925).  Ululodes  and  Ascaloptynx  also  share  with  other 
owlflies  and  antiions  the  presence  of  a line  of  weakness  girdling 
the  cephalic  pole  of  the  egg;  Brauer  (1854)  and  Ragonot  (1878) 
were  familiar  with  this  “egg  cap”  and  with  its  function  during 
eclosion  in  the  genus  Ascalaphus,  but  did  not  elaborate  upon  its 
formation  or  orientation. 

Placement  of  eggs  in  linear  rows  on  sprigs  of  grass  or  foliage  is 
apparently  widespread  in  the  Ascalaphidae  and  even  Nymphidae 
(Gallard,  1935).  Surrounding  the  twig  with  eggs,  as  is  done  by 
Ascaloptynx  furciger , has  been  reported  only  by  Tillyard  (1926) 
for  various  unidentified  Australian  ascalaphine  species.  Tillyard 
also  reports  masses  of  50  to  100  or  more  eggs  laid  on  one  twig  by 
one  female;  observations  of  other  authors  tally  more  closely  with 
my  own  — thirty  to  fifty  eggs  for  most  species  studied,  except  up 
to  60  in  Ascalorphne  impavida  and  75  in  Ululodes  macleayanus 
(Guilding,  1827;  New,  1971).  Just  as  Ascaloptynx  is  exceptional 
in  its  oviposition  of  eggs  around  twigs,  so  Ululodes  is  exceptional 
in  placement  of  its  eggs  on  end;  all  other  ascalaphids  studied  glue 
the  mid-sections  of  their  eggs  to  twigs,  like  Ascaloptynx.  Obviously, 
without  further  information  about  many  more  ascalaphid  species, 
one  cannot  decide  from  what  we  know  of  egg  form  and  oviposition 
habits  which  conditions  represent  specializations.  In  fact,  repre- 
sentatives of  neither  the  Ascalaphinae  nor  the  Neuroptynginae  (as 
represented  by  Ascaloptynx ) display  any  features  of  egg  or  ovi- 
position that  uniquely  characterize  one  subfamily  to  the  exclusion 
of  the  other. 

B.  The  Repagula 

Repagula  have  been  reliably  reported  only  in  New  World  asca- 
laphid species  — in  the  ascalaphine  genera  Ululodes , Colobopterus , 
Ascalorphne,  and  Cordulecerus  (all  in  the  tribe  Ululodini),  and 
in  the  neuroptyngine  genera  By  as,  Episperches,  and  now  Ascalo- 
ptynx (New,  1971).  Dissections  of  gravid  females  of  several  species 
of  Ascalaphus  — a European-Asian  ascalaphine  genus  presumably 
closely  related  to  Ululodes  — seemingly  confirm  the  absence  of 
repagula:  only  egg-producing  ovarioles  are  present  in  the  ovaries 
(Brauer,  1854;  Dufour,  i860).  Unfortunately,  dissections  of  other 
Old  World  Ascalaphidae  have  not  been  undertaken. 

Previous  studies  of  the  repagula  of  several  species  of  Ululodes 
(Guilding,  1827;  McClendon,  1901;  New,  1971)  reveal  little 
interspecific  variation  in  the  form  and  arrangement  of  the  repagula 
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within  the  genus.  Whether  this  homogeneity  in  repagula  morphology 
extends  to  other  genera  within  the  Ululodini  cannot  be  said : un- 
fortunately, New  (1971)  does  not  clarify  this  point  with  regard 
to  the  genera  Ascalorphne,  Colobopterus  and  Cordulecerus except 
to  say  that  repagula  of  these  last-named  groups  were  observed  to  be 
“glossy  castaneous”  like  those  of  Ululodes.  We  have  shown  that 
it  is  this  very  “glossy  castaneous”  appearance  of  the  Ululodes  repa- 
gulum that  is  most  significant  in  terms  of  ant-repulsion;  it  seems 
likely  that  the  shiny  repagula  of  these  other  Ululodini  are  also 
fluid-covered  and  similarly  serve  to  protect  the  eggs  and  brood  from 
predators. 

Interpretation  of  repagula  function  in  the  other  subfamily,  the 
Neuroptynginae,  is  ambiguous.  New  (1971)  describes  for  Epis- 
perches  spp.  (Neuroptynginae)  a type  of  repagulum  which  is  quite 
similar  to,  though  simpler  than,  that  of  Ululodes  spp.  in  its  rod-like 
form  and  glossy  surface  texture;  Byas  sp.,  on  the  other  hand,  displays 
an  unspecialized  egg-like  repagulum  very  similar  to  that  of  Asca- 
loptynx furciger.  Seemingly,  the  Episperches- type  of  repagula  could 
serve  as  an  antguard  in  the  same  manner  as  the  Ululodes- type; 
however,  our  experiments  suggest  no  such  function  for  the  abortive 
eggs  of  Ascaloptynx  and,  probably,  Byas  as  well.  Instead,  the  newly 
hatched  gregarious  larvae  of  Ascaloptynx  — and  perhaps  of  Byas 
— • utilize  the  repagula  as  food.  It  is  tempting  to  view  the  condition 
seen  in  Episperches  as  intermediate  between  relatively  unspecialized 
or  “primitive”  neuroptyngines  like  Byas  and  Ascaloptynx  and  special- 
ized ascalaphines  like  Ululodes:  parental  provision  of  food  for  the 
hatchlings  in  the  form  of  abortive  eggs  can  be  interpreted  as 
preadaptive  to  the  construction  of  an  ant-fence,  in  the  sense  that 
coating  an  abortive  egg  with  insect-repellent  fluid  effectively  con- 
verts that  egg  into  a true  “repagulum”  or  barrier.  Once  their 
protective  function  has  been  established,  true  repagula  may  lend 
additional,  less  obvious  advantage  to  the  species:  (1)  loss  of  the 

need  for  the  heavy,  ant  resistant  eggshell,  (2)  loss  of  the  need  for 
robust  newly  hatched  larvae  that  are  capable  of  group  defense  — 
correlated  with  reduction  in  the  size  of  individual  eggs,  increase 
in  clutch-size,  or  both,  and  (3)  reduction  in  the  size  of  energy- 
consuming  repagula,  since  protection  of  larvae  negates  the  need  for 
providing  them  with  food. 

Conclusions  concerning  the  relationship  of  the  New  World 
Ascalaphidae  to  those  of  the  Old  World,  based  upon  egg  and 
repagula  morphology,  cannot  be  justified.  Repagula  have  not  been 
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demonstrated  in  Old  World  owlflies,  and  active  defense  of  the 
twig  by  the  gregarious  larvae  of  Old  World  species  appears  to  be 
the  norm,  even  among  ascalaphine  genera  (Westwood,  1888,  on 
Helicomitus  insimulans;  Froggatt,  1900,  on  Acmonotus  sabulosus; 
Ghosh,  1913,  on  Helicomitus  dicax;  and  Tillyard,  1926,  on  Suhpa- 
lacsa  spp.).  The  need  for  detailed  studies  of  the  life  histories  of 
certain  key  groups  within  the  various  subfamilies  and  tribes  is  very 
great. 
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ASKETOGENYS  ACUBECCAJ 
A NEW  GENUS  AND  SPECIES  OF  DACETINE  ANTS 
FROM  MALAYA  (HYMENOPTERA:  FORMICIDAE) 

By  William  L.  Brown,  Jr.1 

Asketogenys  new  genus 

Worker:  With  the  general  characters  of  Smithistruma,  but  dif- 

fering in  the  form  and  dentition  of  the  mandibles:  each  shaft  mod- 
erately elongate  and  gently  arcuate,  subporreet,  with  a submedian 
cluster  of  3 stout  teeth;  distal  to  this  a large  diastema  containing 
a single  small,  isolated  subapical  tooth;  downturned  apex  with  a 
close  series  of  minute  teeth  and  denticles;  apical  half  of  mandible 
also  with  3 conspicuous  paddle-shaped  hairs  curving  dorsomesad 
from  the  dorsal  surface.  Free  clypeal  margin  with  a slender  antero- 
median spine.  Head  narrow,  subcuneiform,  with  shallow  posterior 
excision.  Middle  of  vertex  impressed.  Antennae  slender,  6-merous 
in  the  usual  strumigenite  proportions.  Eyes  small. 

Trunk  slender,  with  conspicuous,  raised  lamellar  dorsolateral  mar- 
gins throughout,  culminating  in  acute  propodeal  spines.  Petiolar 
node  with  a median  lamellar  fimbria  on  its  anterior  face;  both  nodes 
with  voluminous  spongiform  appendages.  Legs  long  and  slender. 

Sculpture  predominantly  reticulate-punctulate ; gaster  smooth,  its 
tergum  basally  costulate  in  the  usual  manner.  Specialized  hairs  fairly 
numerous,  long,  flagelliform.  Color  ferruginous.  Male  and  queen 
unknown. 

Type  species,  by  present  designation: 

Asketogenys  acubecca  new  species 
(Figs.  1,2) 

Holotype  worker:  Total  length  (TL)  2.7,  head  length  (HL) 

0.65,  head  width  (HW)  0.40  (cephalic  index  61),  mandible  length 
(ML)  0.195  (mandibulo-cephalic  index,  or  MI,  30),  trunk  length 
(WL)  0.71,  scape  L 0.45,  greatest  diameter  of  eye  0.03,  L hind 
femur  0.57,  L hind  tibia  0.41,  L hind  tarsus  including  claws  0.85, 
L hind  metatarsus  0.45  mm.  Petiolar  node  (without  appendages) 
0.12  mm  wide;  disc  of  postpetiole  0.10  mm  long,  0.22  mm  wide. 


department  of  Entomology,  New  York  State  College  of  Agriculture  and 
Life  Sciences  at  Cornell  University,  Ithaca,  New  York  14850,  USA.  Research 
and  publication  aided  by  grants  nos.  5574X  and  31662X  from  the  National 
Science  Foundation. 
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23 


24 


Psyche 


[March-June 


Fig.  1.  Asketogenys  acubecca  new  species,  holotype  worker,  side  view 
without  legs.  Drawn  by  Bente  King, 
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Fig.  2.  Asketogenys  acubecca  new  species,  holotype  worker,  full-face 
(dorsal)  view  of  head,  only  fringing  pilosity  shown  for  upper  part.  Drawn 
by  Bente  King. 

Description  will  be  limited  to  details  not  evident  from  the  generic 
characterization  and  the  figures.  The  stippled  area  of  Fig.  2 indi- 
cates the  position  of  the  impressed  area  on  the  vertex.  Promesono- 
tum  flat,  with  upturned  lamellar  margins  as  shown;  the  margins 
become  less  distinct  posteriad  on  the  propodeal  dorsum  (which  is 
gently  convex  from  side  to  side),  and  finally  almost  disappear  just 
in  front  of  the  propodeal  teeth.  Posterodorsal  face  of  petiolar  node 
nearly  square;  disc  of  postpetiolar  node  transversely  elliptical. 

Details  of  the  mandibular  bases  are  unknown ; presumably  an  erect 
basal  lamella  is  present  beneath  the  clypeus.  The  labrum  is  of  the 
Smithistruma  pattern,  with  paired  long-subconical  lobes  bearing  a 
pair  of  short  spatulate  trigger  hairs  at  the  apex.  The  mandibular 
apex,  difficult  to  see  in  this  case  at  full  closure,  consists  of  a very 
short  border,  nearly  perpendicular  to  the  main  axis  of  the  shaft, 
onto  which  are  crowded  a very  small  but  acute  dorsal  (proximal) 
tooth  (which  crosses  its  opposite  number  at  full  closure),  about  six 
minute  denticles,  and  a very  small  ventral  (apical)  tooth.  This 
apical  arrangement  reminds  one  of  some  Epitritus  species. 

Head,  trunk  and  coxae  densely  reticulate -punctulate  throughout, 
the  individual  punctulae  moderately  coarse  and  with  shining  bottoms, 
but  the  general  surface  prevailingly  opaque,  except  for  a weakly 
shining  area  on  each  posterior  side  of  trunk.  Clypeus,  dorsal  and 
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lateral  surfaces  of  mandibles,  antennae,  cervix,  legs  and  petiole  very 
densely  and  finely  punctulate,  opaque  except  for  lower  sides  of 
petiolar  peduncle  and  posterodorsal  face  of  petiolar  node,  which  are 
weakly  shining.  Disc  of  postpetiole  and  all  of  gaster  smooth  and 
shining.  Costulae  at  base  of  gaster  fine,  numerous,  extending  about 
1/4  the  length  of  the  basal  segment. 

Specialized  erect  hairs  long  and  fine,  up  to  about  0.4  mm  long, 
generally  distributed  over  both  surfaces  of  head  behind  clypeus, 
dorsa  of  trunk  and  both  nodes,  both  surfaces  of  gaster,  and  on  legs 
as  far  out  as  metatarsi.  Paddle-shaped  hairs  of  mandibles  as  shown 
in  the  figures.  Ground  pilosity  of  head  consisting  of  fine,  curved, 
short  hairs  — longer  and  standing  more  away  from  the  surface  on 
vertex,  slightly  broadened  and  appressed  to  subappressed  on  clypeus. 
Legs,  underside  of  head,  pronotal  cervix  and  antennae  with  fine 
appressed  and  subappressed  short  hairs.  Gastric  apex  with  some 
short  fine  erect  hairs. 

Color  medium  ferruginous,  gaster  a shade  darker,  more  brownish; 
antennae  more  yellowish. 

Holotype  (unique)  from  Trolac  Forest  Reserve,  Perak,  Malaysia, 
6 August  1967,  leaf  litter  berlesate  from  second  growth  rain  forest 
(R.  H.  Crozier  leg.),  deposited  in  the  Museum  of  Comparative 
Zoology,  Harvard  University,  Cambridge,  Massachusetts. 

This  odd  species  is  related  most  closely  to  Smithistruma,  but  the 
unique  mandibles  and  marginate  trunk  take  it  out  of  that  genus. 
The  anterior  clypeal  tooth  is  unknown  in  Smithistruma , but  a sim- 
ilar, undoubtedly  convergent  structure  is  known  in  a species  of 
Gymnomyrmex  (dentinasis)  from  southern  Brasil.  Gymnomyrmex, 
though  very  different  from  the  “average”  Smithistruma , may  be 
connected  to  the  latter  by  a chain  of  intergradient  species.  In  fact, 
the  material  now  available  indicates  that  the  time  for  amalgamation 
of  several  of  the  short-mandibulate  strumigenite  genera  is  approach- 
ing. Unless  new  intergradient  species  are  found  in  the  future  to 
connect  Asketogenys  acubecca  to  some  other  short-mandibulate 
strumigenite  genus,  it  is  distinct  enough  to  survive  any  reasonable 
foreseeable  revision  as  a genus  apart. 


GEOGRAPHIC  VARIATION  AND  SPECIATION  IN 
THE  SOSIPPUS  FLORIDANUS  SPECIES  GROUP 
(ARANEAE:  LYCOSIDAE)* 

By  Allen  R.  Brady 
Hope  College 
Holland,  Michigan  49423 

Introduction 

In  March,  1959,  while  collecting  in  Goose  Island  State  Park  in 
Aransas  County,  Texas,  I encountered  the  lycosid  genus  Sosippus 
for  the  first  time.  I collected  four  immature  specimens  that  appeared 
to  be  an  unfamiliar  species  of  A gelenopsis,  more  darkly  colored  than 
most  but  with  a similar  color  pattern  and  running  upright  over  a 
sheet-web  with  a funnel-shaped  retreat.  Later  when  examining  these 
specimens  under  a dissecting  microscope,  I was  surprised  to  find  a 
typical  lycosid  eye  arrangement  and  other  diagnostic  features  of  the 
Lycosidae.  My  initial  interest  in  Sosippus  was  in  its  web-building 
behavior  and  the  possibility  that  this  genus  might  be  intermediate 
in  position  between  the  Agelenidae  (whose  habits  it  parallels)  and 
the  Lycosidae  (whose  structural  features  it  exhibits). 

The  Lycosidae,  or  wolf-spiders,  are  one  of  the  most  successful 
families  of  spiders.  Most  of  them  are  ground  dwelling  forms  that 
rarely  use  silk  to  capture  their  prey.  Instead  they  rely  upon  their 
keen  sense  of  touch,  long,  well-developed  legs  and  powerful  cheli- 
cerae  to  capture  their  prey.  Many  wolf  spiders  tend  to  wander  in 
search  of  food,  others  hunt  in  the  vicinity  of  their  retreats  which 
they  only  leave  at  night. 

The  Lycosidae  are  adapted  to  a great  variety  of  habitats  and  are 
represented  by  an  abundance  of  individuals  in  these  habitats.  They 
are  particularly  interesting  from  the  viewpoint  of  comparative  sys- 
tematics  since  many  species  populations  are  found  over  a wide  geo- 
graphic range  including  a diversity  of  habitats.  For  example,  Lycosa 
carolinensis  ranges  from  New  England  to  southern  Florida  and 
westward  to  the  Sonoran  desert.  This  species  changes  little  in  such 
diagnostic  features  as  the  shape  of  the  epigynum  and  the  structure 
of  the  palpus,  but  does  become  lighter  in  color  from  north  to  south 
and  east  to  west.  As  a general  rule  few  taxonomic  differences  have 
been  reported  in  widespread  species  populations  of  Lycosa. 

Geographic  Variation  and  Speciation.  In  1959  C.  F.  Roewer 

* Manuscript  received  by  the  editor  April  3,  1972. 
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TABLE  1 


SPECIES 

LOCALITY 

CHELICERAL 

TEETH 

EPIGYNUM 

MIMUS 

FOUNTAINBLE AU 

3-3  (II) 

3- 4  (3) 

4- 2  ( 1) 

IS 

FLORIDANUS 

CEDAR  KEY 

4- 4  (33) 

5- 4  ( 1) 

IS 

JANUS 

LAKE  LOCHLOOSA 

4-4  (21) 
4-3  (4) 

4- 5  ( 1) 

5- 3  ( 1) 

a 

PL  ACI  DUS 

LAKE  PLACI D 

3- 3  ( 8) 

4- 3  (2) 

8 

COMPARISON  OF  SELECTED 
POPULATIONS 

published  the  third  volume  in  a series  of  monographs  dealing  with 
the  classification  of  the  Lycosidae  of  the  world.  Roewer  (1959) 
separated  Sosippus  into  two  genera:  Sosippus,  in  a restricted  sense, 
and  Sosippinus,  a new  genus.  This  separation  was  based  on  the 
number  of  posterior  cheliceral  teeth.  Employing  this  criterion  Sosip- 
pus mimus  and  S.  floridanus  were  placed  in  separate  genera.  As 
shown  in  my  earlier  paper  (Brady,  1962)  this  division  into  two 
genera  on  the  basis  of  number  of  posterior  cheliceral  teeth  was  clearly 
an  artificial  device.  In  most  genera  of  the  Family  Lycosidae  the 
number  of  posterior  cheliceral  teeth  is  relatively  constant,  3-3  (three 
on  each  side)  being  the  most  common  pattern.  In  the  genus  Sosip- 
pus, however,  specimens  from  a single  population  may  have  4-3,  4-4, 
4-5 , or  5-3  posterior  cheliceral  teeth  (see  Table  1).  This  simply 
illustrates  that  a single  character  difference  cannot  be  indiscrimi- 
nately applied,  particularly  in  separating  genera.  From  my  initial 
investigation  in  1962,  it  became  clear  that  Sosippus  was  represented 
by  one  species,  S.  calif  ornicus,  in  the  southwestern  United  States,, 
but  the  picture  was  less  clear  in  the  southeastern  United  States. 
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Sosippus  can  readily  be  divided  into  two  species  groups  based 
upon  their  morphology,  coloration,  genitalic  structure,  and  geo- 
graphic distribution.  One  species  group  is  found  in  the  West  and 
consists  of  S.  calif ornicus  and  four  Mexican  species.  In  the  East 
I recognized  three  species  in  the  second  group  in  1962:  S.  texanus, 
S.  mimus , and  S.  florid  anus.  This  paper  is  primarily  a more  detailed 
examination  of  the  southeastern  populations  which  make  up  the  S. 
floridanus  species  group.  Two  perplexing  features  of  the  distribu- 
tion and  geographic  variation  of  Sosippus  mimus  appeared  in  1962. 
First  was  the  occurrence  of  specimens  from  northern  Florida  which 
had  a color  pattern  like  mimus , but  possessed  4-4  posterior  cheliceral 
teeth  as  in  floridanus.  Second  was  the  occurrence  of  three  specimens 
from  Lake  Placid,  Florida  (including  only  a single  mature  female, 
figs.  13-14  of  Brady,  1962)  that  were  not  like  any  of  the  specimens 
from  surrounding  localities.  Based  on  their  color  pattern  and  3-3 
posterior  cheliceral  teeth,  these  were  considered  southern  representa- 
tives of  mimus  (see  Map  1,  Brady,  1962). 

The  occurrence  of  a few  isolated  specimens  of  mimus  in  southern 
Florida  was  most  puzzling.  Also  the  variability  of  certain  characters 
in  mimus  from  northern  Florida  indicated  the  possibility  that  more 
than  one  species  was  represented.  The  materials  available  in  1962 
included  only  three  mature  specimens  between  Louisiana  and  west- 
ern Florida,  all  males.  It  is  very  difficult  to  distinguish  different 
species  of  the  floridanus  group  on  the  basis  of  males  alone.  The 
primary  problem,  then,  was  the  lack  of  specimens  from  critical 
areas. 

Since  1961  a number  of  short  field  trips  to  Florida  of  5-7  days 
duration  have  provided  additional  data.  After  a preliminary  trip 
to  Florida  during  the  spring  of  1968,  Jim  Toothaker  and  I under- 
took an  intensive  three  week  field  study  during  which  we  collected 
and  photographed  Sosippus  from  Louisiana  to  south  central  Florida. 

From  the  western-most  locality  where  we  collected  Sosippus 
(Fountainbleau  State  Park  near  Mandeville,  Louisiana)  to  Youngs- 
town in  western  Florida,  we  found  only  one  species,  S.  mimus.  Char- 
acteristic of  this  species  was  a relatively  constant  number  of  3-3 
posterior  cheliceral  teeth  (Table  1),  a diffuse  color  pattern  on  the 
carapace  (Figs.  28-33)  and  a specific  type  of  epigynum  (Figs.  1-9), 

Along  the  west  coast  (Cedar  Key)  and  inland  (Horse  Creek) 
in  peninsular  Florida,  we  found  typical  S.  floridanus.  These  popula- 
tions all  have  4-4  cheliceral  teeth  on  the  posterior  margin  (Table 
1 ) , a characteristic  floridanus  color  pattern  with  the  white  stripes 
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contrasting  sharply  with  the  black  background  of  the  carapace  (Figs. 
34-38),  and  a peculiar  epigynum  (Figs.  10-13,  19-24). 

At  Lake  Lochloosa  we  encountered  a population  with  a predomi- 
nant 4-4  tooth  pattern  (Table  1),  but  with  an  unusual  and  some- 
what variable  epigynal  structure  (Figs.  14-18),  and  a,  more  diffuse 
color  pattern  than  S.  floridanus,  the  white  or  yellowish  markings  on 
the  carapace  not  contrasting  sharply  with  the  black  background  of 
the  carapace  (Figs.  40-41).  The  available  data  below  indicate  that 
this  is  a distinct  population  and  it  is  recognized  here  as  S.  janus. 

At  Lake  Placid,  in  south  central  Florida,  we  made  our  most  in- 
teresting discovery.  Here  we  found  a population  of  large  specimens, 
unique  in  color  pattern  (Fig  39),  epigynal  structure  (Figs.  25-27), 
and  with  3-3  posterior  cheliceral  teeth  (Table  1).  This  population 
is  designated  S.  placidus  and  described  below. 

From  the  investigation  made  in  1968  and  information  gathered 
since,  it  is  evident  that  there  are  populations  of  Sosippus  in  penin- 
sular Florida  that  are  quite  different  from  mimus  and  floridanus . 
The  distribution  patterns  of  different  populations  of  Sosippus  in 
Florida  appear  to  reflect  recent  geologic  events.  Sosippus  placidus 
is  restricted  to  an  area  represented  by  Red  Hill  Island  of  the  Afto- 
nian  Interglacial  (Laessle,  1958). 

The  rise  in  sea-level  during  the  Pleistocene  with  the  concomitant 
production  of  various  islands  where  the  Florida  peninsula  now  stands 
has  influenced  speciation  in  at  least  three  different  genera  of  spiders. 
The  influence  of  Pleistocene  events  is  seen  in  the  distribution  pat- 
terns of  certain  species  of  Geolycosa  (McCrone,  1963),  Latrodectus 
(McCrone  and  Levi,  1964),  and  Sosippus  (Map  1).  In  consider- 
ing the  series  of  events  producing  differentiation  in  these  spiders, 
several  factors  need  to  be  emphasized.  First  it  would  seem  that  salt- 
water currents  served  as  an  effective  barrier  to  gene  flow  so  that 
divergence  of  the  populations  could  proceed.  I think  that  these  bar- 
riers, by  themselves,  would  be  insufficient  to  account  for  the  re- 
productive isolation  of  these  populations.  Even  where  the  spiders 
have  limited  dispersal  powers  (as  in  Geolycosa)  other  factors  must 
have  been  in  operation.  I suggest  that  the  reduction  of  population 
numbers  *on  the  Pleistocene  islands  with  a corresponding  reduction 
in  genetic  variability  played  a significant  role  in  the  process  of  specia- 
tion. These  geographical  isolates  became  genetically  homogeneous 
and  ecologically  specialized  for  the  xerophytic  conditions  of  the 
Pleistocene  islands.  Even  today  the  limits  of  the  species  ranges  of 
these  spiders  is  prescribed  by  the  extent  of  the  xeric  communities 
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Figs.  1-4.  Sosippus  mimus  Chamberlin,  from  Fountainbleau  St.  Pk.  near 
Mandeville,  St.  Tammany  Par.,  Louisiana,  17-18  June  1968.  1.  Internal 

genitalia,  dorsal  view.  2-4.  Epigyna,  showing  variation. 

Figs.  5-7.  Epigyna  of  Sosippus  mimus  Chamberlin  from  Magnolia  St. 
Pk.  near  Biloxi,  Jackson  Co.,  Mississippi,  18  June  1968,  showing  variation. 

Figs.  8-9.  Epigyna  of  Sosippus  mimus  Chamberlin  from  7 mi.  S.  of 
Youngstown,  Bay  Co.,  Florida,  20  June  1968,  showing  variation. 
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formed  from  these  islands.  When  the  islands  were  joined  after  the 
Pleistocene,  the  insular  populations  were  effectively  isolated  ecolog- 
ically and  ^productively. 
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Taxonomic  Section 
Sosippus  florid  anus  Simon 
Figures  10-13,  19-24*  34"38.  Map  1. 

Sosippus  floridanus  Simon,  1898,  Ann.  Soc.  Ent.  Belgique,  42:  25.  Female 
holotype  from  Florida  in  the  Paris  Museum.  Roewer,  1954,  Katalog  der 
Araneae,  2:  314.  Bonnet,  1958,  Bibliographia  Araneorum,  2(4):  4093. 
Roewer,  1959,  Exploration  du  Parc  National  de  l’Upemba,  Araneae 
Lycosaeformia  II  (Lycosidae),  P.  1004.  Brady,  1962,  Psyche,  69(3): 
151,  figs.  1,  19,  20,  40-43,  map  1. 

Discussion.  For  structural  details,  coloration,  preliminary  diagno- 
sis, and  natural  history  refer  to  Brady  (1962).  Unlike  the  records 
for  S.  mimus , which  represent  several  species,  those  listed  in  1962 
for  S.  floridanus  represent  that  species  only. 

New  records  are  listed  below. 

Diagnosis.  In  addition  to  the  features  mentioned  previously  S. 
floridanus  may  also  be  distinguished  from  S.  mimus  by  the  number 
of  posterior  cheliceral  teeth  (Table  1).  Sosippus  floridanus  is  most 
similar  to  S.  janus.  It  may  be  distinguished  from  the  later  species 
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Figs.  10-13.  Sosippus  floridanus  Simon,  from  Cedar  Key,  Levy  Co., 
Florida,  9 June  1968.  10.  Internal  genitalia,  dorsal  view.  11-13.  Epigyna, 
showing  variation. 

Figs.  14-18.  Sosippus  janus  sp.  n.,  from  NW  shore  of  Lake  Lochloosa, 
Alachua  Co.,  Florida,  11  Apr.  and  10  June  1968.  14-15.  Epigyna,  showing 
variation.  16.  Internal  genitalia,  dorsal  view.  17.  Epigynum  of  female 
holotype.  18.  Epigynum,  showing  variation. 
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by  color  pattern  (compare  Figs.  34-38  with  Figs.  40-41),  the  form  of 
the  epigynum  (compare  Figs.  10-13,  19-24  with  Figs.  14-18),  and 
ecological  attributes.  Sosippus  floridanus  is  found  most  often  in 
Pine-Palmetto  associates  (Fig.  42)  or  similar  rather  dry  habitats, 
while  S.  janus  has  been  found  only  in  mesic  woods  (Fig.  43). 

Distribution.  Southern  Georgia  and  peninsular  Florida  into  the 
Florida  Keys  (Map  1). 

New  Records.  GEORGIA.  Crisp  Co. : 7.3  mi  N of  Cordelle, 
30  May  1964  9 (A.  R.  Brady).  FLORIDA.  County  Records: 
Baker,  Brevard,  Dade,  Dixie,  Hernando,  Marion,  Palm  Beach, 
Pinellas,  Putnam. 

Sosippus  t exanus  Brady 

Sosippus  texanus  Brady,  1962,  Psyche,  69(3):  160,  figs.  4,  21,  22,  37-39, 
map  1.  Female  holotype  from  Goose  Island  State  Park,  Aransas  Co., 
Texas,  15  June  1961  (A.  R.  Brady)  in  the  Museum  of  Comparative 
Zoology. 

Discussion.  For  structural  details,  illustrations,  preliminary  diag- 
nosis, and  natural  history,  refer  to  Brady  (1962). 

Diagnosis.  Sosippus  texanus  is  most  similar  to  S.  mimus  in  color- 
ation and  has  the  same  number  of  posterior  cheliceral  teeth.  It  is 
distinguished  from  S.  mimus  by  its  larger  average  size  and  the  struc- 
ture of  the  female  epigynum  (compare  figs.  21,  22  to  figs.  15,  16 
of  Brady,  1962). 

Distribution.  Southern  Texas. 

New  Record.  TEXAS.  Hidalgo  Co. : Bentsen  Rio  Grande  St. 
Pk.,  6 mi.  SW  of  Mission,  29  June  1962  4c?c?:$$  :o  (A.  R. 
Brady). 


Sosippus  mimus  Chamberlin 
Figures  1-9,  28-33.  Map  1. 

Sosippus  mimus  Chamberlin,  1924,  Proc.  U.S.  Nat.  Mus.  63:  27,  pi.  6, 
fig.  43.  Female  holotype  from  Mandeville,  Louisiana,  1 May  1921 
(H.  E.  Hubert)  in  Museum  of  Comparative  Zoology.  Comstock,  1940, 
The  Spider  Book,  p.  639.  Bonnet,  1958,  Bibliographia  Araneorum, 
2(4):  4093.  Brady,  1962,  Psyche  69(3):  156,  figs.  15,  16  only,  not  figs. 
13,  14,  17. 

Sosippinus  mimus:  Roewer,  1954,  Katalog  der  Araneae  2:  313;  1959,  Ex- 
ploration du  Parc  National  de  l’Upemba,  Araneae  Lycosaeformia  II 
(Lycosidae),  p.  1002. 

Discussion.  Figures  13  and  14  of  Brady  (1962)  are  of  S'osippus 
placidus.  Figure  17  is  S.  janus.  In  1962  I indicated  that  the  speci- 
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Figs.  19-24.  Epigyna  of  Sosippus  fioridanus  Simon  showing  variation. 
19-20.  Aripeka,  Hernando  Co.,  Florida,  13  June  1968.  21-22.  One  mile  E of 
Horse  Creek  on  St.  Highway  72,  Desoto  Co.,  Florida,  12  June  1968.  23-24. 
Highlands  Hammock  St.  Pk.,  Highlands  Co.,  Florida,  19  June  1962. 

Figs.  25-27.  Sosippus  placidus  sp.  n.,  from  6 mi.  S of  Lake  Placid,  High- 
lands Co.,  Florida,  12  June  1968.  25.  Internal  genitalia,  dorsal  view.  26. 
Epigynum,  showing  variation.  27.  Epigynum  of  female  holotype. 
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mens  considered  under  S.  mimus  could  well  constitute  more  than 
one  species.  It  is  now  apparent  that  at  least  three  species  were  rep- 
resented. Diagnostic  measurements  of  S.  mimus  and  the  report  on 
the  number  of  cheliceral  teeth  in  1962  should  be  disregarded.  The 
color  description  and  pattern  illustrated  were  of  the  type  female  of 
S.  mimus  and  remain  valid. 

Measurements : Total  body  length  of  two  males  from  the  type 

locality  11.5,  11.9  mm.  Carapace  width  4.3,  4.4  mm,  carapace 
length  5.7,  5.9  mm. 

Width  of  anterior  eye  row  1.05,  1.25  mm.  Posterior  ocular 
quadrangle:  PME  width  1.10  mm,  PLE  width  1.58  mm,  POQ 
length  1 .00  mm. 

Leg  IV:  femur  6.1,  6.2  mm,  patella-tibia  7.6,  7.8  mm,  meta- 

tarsus 7.2,  7.4  mm,  tarsus  3.4,  3.5  mm,  total  length  24.3,  24.9  mm. 

Patella-tibiae:  I 6.8,  7.2  mm,  II  6.5,  6.9  mm,  III  5.8,  6.0  mm. 

Total  body  length  of  10  females  from  the  type  locality  12.5-18.2 
mm,  mean  14.93  mm.  Carapace  width  4.3-5. 6 mm,  mean  4.91  mm, 
carapace  length  5. 7-7. 7 mm,  mean  6.71  mm. 

Width  of  anterior  eye  row  1.38-1.70  mm,  mean  1.535  mm.  Pos- 
terior ocular  quadrangle:  PME  width  1.18-1.43  mm,  mean  1.278 
mm,  PLE  width  1.75-2.18  mm,  mean  1.920  mm,  POQ  length  1.05- 
1.28  mm,  mean  1.163  mm. 

Leg  IV : femur  5. 4-6.9  mm,  mean  6.22  mm,  patella-tibia.  6.3- 

8.3  mm,  mean  7.36  mm,  metatarsus  5. 6-7. 2 mm,  mean  6.44  mm, 
tarsus  2. 7-3. 5 mm,  mean  3.13  mm,  total  length  20.0-25.7  mm, 
mean  23.15  mm. 

Patella-tibiae:  I 5. 7-7. 5 mm,  mean  6.57  mm,  II  5. 3-6. 8 mm, 

mean  6.19  mm,  III  4. 5-6.2  mm,  mean  5.42  mm. 

Diagnosis.  Sosippus  mimus  is  like  S.  texanus  in  color  pattern 
and  number  of  posterior  cheliceral  teeth.  It  is  distinguished  from 
S.  texanus  by  the  structure  of  the  female  epigynum  (compare  Figs. 
1-9  with  figs.  21,  22  of  Brady,  1962).  Specimens  of  S.  texanus  are 
larger  in  average  size. 

Sossippus  mimus  is  easily  separated  from  S.  floridanus  by  the  num- 
ber of  posterior  cheliceral  teeth  (Table  1),  color  pattern  (compare 
Figs.  28-33  with  Figs.  34-38),  and  epigynal  structure  (compare 
Figs.  1-9  with  Figs.  10-13,  19-24). 

Natural  History.  Sosippus  mimus  was  collected  from  regions  of 
sandy  soil  in  wooded  areas  and  in  more  or  less  open  fields  from 
eastern  Louisiana  to  western  Florida  from  17-20  June,  1968.  Like 
other  species  of  Sosippus  it  occurred  commonly  in  disturbed  habitats, 
for  example,  fields  that  had  been  cleared  for  construction,  fire  breaks, 
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Figs.  28-30.  Sosippus  mimus  Chamberlin,  from  Fountainbleau  St.  Pk., 
near  Mandeville,  St.  Tammany  Par.,  Louisiana,  17-18  June  1968.  28.  Male. 
29.  Female.  30.  Female  with  egg  case. 

Fig.  31.  Female  of  Sosippus  mimus  Chamberlin,  from  Magnolia  St.  Pk. 
near  Biloxi,  Jackson  Co.,  Mississippi,  18  June  1968. 
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and  garbage  dumps.  Tubular  retreats  were  built  at  an  angle  into 
the  sides  of  banks,  ruts  and  furrows.  Extending  from  the  tubular 
portion  is  a sheet  or  platform  web.  Not  uncommonly  the  tubular 
portion  of  the  web  would  lead  under  a log  or  other  cover  in  which 
cases  it  might  extend  for  9-12  inches  (23-30  cm).  The  posterior 
end  of  this  tube  seems  always  to  be  open  so  that  the  spider  can 
retreat  if  disturbed.  Where  the  retreat  dead-ends  into  a hole  or 
depression,  there  is  a side  avenue  of  escape.  The  webs  closely  resem- 
bled those  of  A gelenopsis  which  also  occurred  in  the  same  habitats. 
The  specimens  of  A gelenopsis  were  immature,  whereas  most  of  the 
Sosippus  were  mature  and  some  carried  egg  cases.  The  egg  case  is 
carried  attached  to  the  spinnerets  as  in  other  lycosids  (Figs.  30,  38). 

Immature  specimens  of  S.  mimus  were  taken  from  October  13, 
1969  through  April  27,  1970  at  Tall  Timbers  Research  Station  in 
pitfall  traps.  Males  were  recovered  from  May  4-June  22,  1970. 
Although  collections  continued  through  June  22,  1970,  only  four 
females  appeared  in  these  traps  — from  May  11  through  May  25. 

Distribution.  Western  Florida  to  Louisiana  (Map  1). 

Records.  These  constitute  the  only  valid  records  for  S.  mimus 
as  it  is  defined  here.  FLORIDA . Bay  Co.:  7 mi.  S of  Youngs- 
town on  US  231,  20  June  1968  cf  :3$$  : 300  (A.  R.  Brady,  J. 
Toothaker).  Escambia  Co.:  18  June  1934  00  (H.  K.  Wallace). 
Jackson  Co.:  3 Apr.  1953  cf  (H.  K.  Wallace).  Leon  Co.:  Tall 
Timbers  Research  Station,  13  Oct.  1969-22  June  1970  I2cf  cf  : 
4$9  : 5°°  (D.  L.  Harris).  Liberty  Co. : 2-4  June  1952  cf  ; Blounts- 
town,  17  Apr.  1938  cf  (W.  J.  Gertsch).  Suwanee  Co.:  25  Mar. 
I933  cf  (H.  K.  Wallace).  Saint  Johns  Co.:  Hastings,  July  1927  cf 
(J.  L.  Scribner).  MISSISSIPPI.  Forest  Co.:  Hattiesburg,  2-6 
Jan  1942  00  (E.  L.  Bell).  Jackson  Co.:  Magnolia  St.  Pk.  near 
Biloxi,  18  June  1968  5$$  (A.  R.  Brady,  J.  Toothaker)  ; Ocean 
Springs,  10  May  1931  cf  (Dietrich).  LOUISIANA.  St.  Tam- 
many Par.:  Fountainbleau  St.  Pk.  near  Mandeville,  17-18  June 
1968  3 cfcf*ii$?:o  (A.  R.  Brady,  J.  Toothaker)  ; Mandeville, 
1 May  1921  $ (H.  E.  Hubert). 

Sosippus  janus  sp.  n. 

Figures  25-27,  40-31.  Map  1 

Sosippus  mimus,  — Brady,  1962,  in  part:  fig.  17,  not  S.  mimus  Chamberlin. 

Ilolotype.  Female  from  NW  shore  of  Lake  Lochloosa,  Alachua 
Co.,  Florida,  10  June  1968  (A.  R.  Brady,  and  J.  Toothaker)  de- 
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Figs.  32-33.  Sosippus  mimus  Chamberlin,  from  7 mi.  S of  Youngstown, 
Bay  Co.,  Florida,  20  June  1968.  32.  Male.  33.  Female. 

Figs.  34-35.  Sosippus  ftoridanus  Simon,  from  Cedar  Key,  Levy  Co., 
Florida,  9 June  1968.  34.  Male.  35.  Female. 
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posited  in  the  Museum  of  Comparative  Zoology.  The  name  is  a 
noun  in  apposition  after  the  Roman  god. 

Discussion.  Sosippus  janus  is  difficult  to  interpret  at  this  time, 
primarily  due  to  a lack  of  specimens  from  areas  other  than  Lake 
Lochloosa.  The  geographic  range  of  this  species  is  unknown,  but 
it  appears  to  be  limited  to  mesic  habitats.  Of  the  36  specimens  ex- 
amined from  the  type  locality  some  show  deviation  from  the  nor- 
mal 4-4  pattern  of  posterior  cheliceral  teeth  (Table  1).  However, 
this  variation  and  the  variation  in  epigynal  structure  (Figs.  14-18) 
is  no  greater  than  one  encounters  in  other  large  series  of  specimens 
from  a single  locality,  for  example  S.  mimus  near  Mandeville, 
Louisiana.  It  is  possible  that  S.  janus  represents  a geographic  race 
or,  perhaps,  a hybrid  zone  between  S.  floridanus  and  S.  mimus , but 
the  present  evidence  indicates  a distinct  biological  entity. 

The  female  genitalia  of  S.  janus  are  distinctive  and  the  color  pat- 
tern is  unlike  S.  floridanus,  which  has  the  same  number  of  posterior 
cheliceral  teeth.  In  addition  to  structural  differences,  S.  janus  is 
found  in  mesic  situations,  like  the  Live  Oak  (Quercus  virginiana) 
woodland  of  Figure  43,  while  S.  floridanus  is  found  in  drier  com- 
munities, such  as  the  Pine  and  Palmetto  association  shown  in  Fig- 
ure 42.  Because  of  these  distinctions  the  population  at  Lake  Loch- 
loosa is  recognized  as  representative  of  a new  species  here. 

Measurernents.  Total  body  length  of  five  males  from  the  type 
locality  9.9-12.7  mm,  mean  11.70  mm,  carapace  width  4. 2-5.0  mm, 
mean  4.74  mm,  carapace  length  5. 7-6.5  mm,  mean  6.22  mm. 

Width  of  anterior  eye  row  1.28-1.45  mm,  mean  1.3  70  mm.  Pos- 
terior ocular  quadrangle  (POQ)*:  PME  width  1.05- 1.20  mm, 
mean  1.125  mm,  PLE  width  1.50- 1.73  mm,  mean  1.645  mm,  POQ 
length  .95-1.08  mm,  mean  1.020  mm. 

Leg  IV:  femur  5. 8-6.9  mm,  mean  6.40  mm,  patella-tibia  7.1- 

8.2  mm,  mean  7.70  mm,  metatarsus  7.0-8.0  mm,  mean  7.58  mm, 
tarsus  3. 4-3. 6 mm,  mean  3.50  mm,  total  length  22.3-26.7  mm, 
mean  25.18  mm. 

Patella-tibiae:  I 6.5-7. 7 mm,  mean  7.18  mm,  II  6. 2-7. 2 mm, 
mean  6.72  mm,  III  5. 5-6. 3 mm,  mean  5.98  mm. 

Total  body  length  of  20  females  from  the  type  locality  12.4-15.8 
mm,  mean  14.41  mm,  carapace  width  4.5-5. 8 mm,  mean  5.19  mm, 
carapace  length  6. 1-7.7  mm,  mean  7.01  mm. 

*The  posterior  median  eyes  (PME)  and  the  posterior  lateral  eyes  (PLE), 
which  form  two  rows  in  the  Lycosidae,  are  referred  to  in  this  paper  as 
the  posterior  ocular  quadrangle  (POQ).  Measurements  of  the  POQ  are 
diagrammed  in  Text  Figure  1 of  Brady  1962. 
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Figs.  36-58.  Sosippus  floridanus  Simon,  from  one  mile  E of  Horse  Creek 
on  St.  Highway  72,  Desoto  Co.,  Florida,  12  June  1968.  36.  Male.  37.  Female. 
38.  Female  with  egg  case. 

Fig.  39.  Female  holotype  of  Sosippus  placidus  sp.  n.,  from  6 mi.  S of 
Lake  Placid,  Highlands  Co.,  Florida,  12  June  1968. 
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Figs.  40-41.  Sosippus  janus  sp.  n.,  from  NW  shore  of  Lake  Lochloosa, 
Alachua  Co.,  Florida,  6 Apr.  1972.  40.  Male.  41.  Female. 

Width  of  anterior  eye  row  i. 43-1. 73  mm,  mean  1.598  mm.  Pos- 
terior ocular  quadrangle  (POQ)  : PME  width  1.13-1.35  mm, 
mean  1.268  mm,  PLE  width  1.73-2.08  mm,  mean  1.965  mm,  POQ 
length  1. 00- 1. 2 5 mm,  mean  1.158  mm. 

Leg  IV:  femur  5. 5-6.9  mm,  mean  6.31  mm,  patella-tibia  6.4- 

8.2  mm,  mean  7.42  mm,  metatarsus  5. 7-7. 5 mm,  mean  6.64  mm, 
tarsus  2. 8-3. 5 mm,  mean  3.10  mm,  total  length  20.4-26.1  mm, 
mean  23.46  mm. 

Patella-tibiae:  I 6.0-7. 6 mm>  mean  6.80  mm,  II  5-5-7  .0  mm, 

mean  6.27  mm,  III  4. 7-6.2  mm,  mean  5.50  mm. 

Color.  Male.  Pattern  illustrated  in  Figure  40.  Face  dark  red- 
dish brown,  with  broad  white  stripes  on  each  side  extending  from 
below  PME  diagonally  downward  toward  cheliceral  condyles.  Eye 
region  black.  Chelicerae  dark  reddish  brown,  black  distally.  Palpi 
brownish  yellow  to  brown. 

Carapace  reddish  brown  with  three  stripes  of  white  hair  in  ce- 
phalic region:  a median  stripe  beginning  between  PLE  and  extending 
to  thoracic  groove,  a pair  of  white  stripes  beginning  inside  PLE 
continuing  diagonally  tangent  to  inner  surface  of  PLE  and  then 
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straight  back  to  edge  of  cephalic  region.  Four  pairs  of  dark  lines 
radiating  from  thoracic  groove.  Edge  of  carapace  heavily  clothed 
with  white  hair,  forming  a light  marginal  stripe. 

Dorsum  of  abdomen  with  broad  median  brown  stripe,  laterally 
and  along  the  sides  lighter,  mottled  brown  with  covering  of  white 
pubescence.  Five  pairs  of  white  spots  at  edges  of  median  stripe, 
the  posterior  three  pair  connected  by  white  chevrons.  Venter  of 
abdomen  with  broad  median  yellowish  brown  stripe,  bordered  by 
light  brown  clothed  with  white  pubescence.  In  some  cases  a pair 
of  thin  brown  stripes  are  visible  within  the  broader  pale  median 
one.  These  run  lateral  to  the  genital  area  and  converge  posteriorly. 

Legs  yellowish  brown  with  faint  dusky  markings  on  femora, 
lighter  yellowish  ventrally,  especially  coxae. 

Labium  and  endites  orange  to  yellow-brown  with  distal  ends  pale 
yellow  to  cream.  Sternum  pale  orange  to  light  brownish  yellow. 

Female.  Pattern  illustrated  in  figure  41.  Face  dark  reddish 
brown  with  white  hair  from  ALE  to  outer  lower  edge  of  clypeus. 

Carapace  reddish  brown  with  margins  of  lighter  color  covered 
by  white  pubescence.  White  lines  radiating  from  thoracic  groove. 
A median  white  stripe  from  between  PLE  to  thoracic  groove  and 
a pair  of  white  stripes  in  cephalic  region  converging  between  PME. 

Dorsum  of  abdomen  with  a.  wide  dark  brown  median  stripe 
bounded  by  lighter  areas  of  brown  intermixed  with  white  pubes- 
cence. Lour  or  five  white  chevrons  sometimes  discernible  on  pos- 
terior half.  Venter  of  abdomen  pale  yellow  to  yellow  brown  above 
epigastric  furrow,  cream  to  brown  below  epigastric  furrow  and 
thickly  clothed  with  white  hair. 

Legs  yellow-brown  to  orange-brown,  with  coxae  lighter,  yellow- 
orange  on  ventral  surface. 

Labium  and  endites  dark  brown  with  lighter  yellowish  distal 
ends.  Sternum  yellow-brown. 


Fig.  42.  Pine  and  Palmetto  association  one  mile  E of  Horse  Creek  on 
St.  Highway  72,  Desoto  Co.,  Florida,  12  June  1968.  Habitat  of  Sosippus 
jioridanus  Simon. 

Fig.  43.  Mesic  woodland  on  NW  shore  of  Lake  Lochlocsa,  Alachua  Co., 
Florida,  20  June  1968.  Type  locality  of  Sosippus  janus  sp.  n. 

Fig.  44.  Very  dry  clearing  with  Opuntia  as  the  dominant  vegetation, 
6 mi.  S of  Lake  Placid,  Highlands  Co.,  Florida,  12  June  1968.  Type  locality 
of  Sosippus  placidus  sp.  n. 

Fig.  45.  Close-up  view  of  a sheet-web  of  Sosippus  placidus  with  the 
retreat  (in  center  of  photograph)  at  the  base  of  Opun'ia.  Same  locality  as 
in  Figure  44. 
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Diagnosis.  Sosippus  janus  is  similar  to  S.  mimus  in  color  pattern, 
but  unlike  that  species,  it  has  4-4  cheliceral  teeth  and  differs  from 
S.  mimus  in  epigynal  structure  (compare  Figs.  14-18  with  Figs.  I- 
9).  The  epigynum  of  S.  janus  is  like  that  of  S.  floridanus  (compare 
Figs.  14-18  with  Figs.  10-13),  but  with  consistent  differences  be- 
tween the  two  species.  In  addition,  based  on  present  information, 
S.  janus  is  restricted  to  mesic  habitats  such  as  that  surrounding  Lake 
Lochloosa  in  Figure  43,  while  S.  floridanus  occurs  in  drier  and  more 
open  habitats  such  as  the  Pine  and  Palmetto  community  in  Figure 
42.  Thus,  the  color  pattern  of  S.  janus , the  structure  of  the  epigy- 
num, and  its  habitat  indicate  reproductive  isolation  from  S.  floridanus 
and  S.  mimus. 

Records.  Florida.  Alachua  Co.:  18  Apr.  1935  900,  13  Apr. 
1950  ? (H.  K.  Wallace);  NW  shore  of  Lake  Lochloosa,  11  Apr. 
1968  5cTc?:$9  : 00',  10  June  1968  18  9 9 :90c  (A.  R.  Brady,  J. 
Toothaker;  2.7  mi  W of  Melrose,  13  June  1962  cf  cf  : 9 : 400  (A. 
R.  Brady).  Levy  Co.:  20  Apr.  1935  cT9  9 00  (G.  V.  Hyn).  Marion 
Co.:  Kerr  Park  near  Lake  Kerr  9 (H.  K.  Wallace).  Putnam  Co.: 
2 May  1947  9°>  2-3  June  J947  9°°  (H.  K.  Wallace). 

Sosippus  placidus  sp.  n. 

Figures  25-27,  39.  Map  1. 

Sosippus  mimus,  — Brady,  1962,  in  part:  figs.  13,  14,  not  S.  mimus  Cham- 
berlin. 

Holotype.  Female  from  6 mi.  S of  Lake  Placid,  Highlands 
Co.,  Florida,  12  June  1968  (A.  R.  Brady,  J.  Toothaker)  in  the 
Museum  of  Comparative  Zoology.  The  species  is  named  after  the 
type  locality. 

Discussion.  Two  immature  specimens  and  a single  mature  female 
of  S.  placidus  were  examined  and  described  under  S.  mimus  in  1962. 
The  presence  of  a single  mature  female  did  not  warrant  description 
of  a new  species  at  that  time.  Because  of  the  3-3  pattern  of  pos- 
terior cheliceral  teeth  and  their  color  pattern  (in  alcohol)  these  speci- 
mens were  thought  to  represent  a southern  population  of  S.  mimus. 
The  uniqueness  of  the  single  female’s  epigynum  prompted  a drawing 
of  the  female  genitalia  and  these  are  illustrated  in  figures  13  and 
14  of  Brady  (1962).  Additional  evidence  now  clearly  indicates  that 
this  southern  Florida  population  of  Sosippus  near  Lake  Placid  rep- 
resents a distinct  species. 

Measurements : Total  body  length  of  three  females  15.0-17.6 

mm.  Carapace  width  5. 3-6. 3 mm,  carapace  length  7.7-9. 1 mm. 

Width  of  anterior  eye  row  1.63-1.88  mm.  Posterior  ocular  quad- 
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rangle:  PME  width  1.38-1.55  mm,  PLE  width  2.05-2.43  mm, 
POQ  length  1. 20- 1. 40  mm. 

Leg  IV:  femur  7.3-S.6  mm,  patella-tibia  8.6-10.3  mm,  meta- 

tarsus 7. 5-8. 9 mm,  tarsus  3. 3-4.0  mm,  total  length  26.7-31.8  mm. 

Patella-tibiae:  I 7.9-9. 5 mm,  II  7.6-9. 1 mm,  III  6.5-7-9  mm. 

Color.  Female.  Pattern  illustrated  in  Figure  39.  Face  dark 
reddish  brown,  black  in  eye  region,  with  white  hair  at  outer  lower 
margins.  Chelicerae  black. 

Carapace  dark  reddish  brown  with  broad  marginal  stripes  of 
paler  orange-brown  due  to  covering  of  white  hair.  Pattern  of  dark 
lines  radiating  from  thoracic  groove  accented  by  white  hair. 

Dorsum  of  abdomen  dark  brown  with  five  pairs  of  white  spots 
connected  by  white  chevrons  on  posterior  half.  Venter  of  abdomen 
bright  yellow-orange. 

Legs  brown  with  alternating  light  and  dusky  bands.  Coxae  and 
trochanters  bright  orange,  conspicuously  so  on  ventral  surfaces. 

Labium  and  endites  dark  red-orange  with  lighter  yellowish  dis- 
tal ends.  Sternum  bright  yellow-orange. 

Diagnosis.  Sosippus  placidus  is  recognized  by  its  3-3  posterior 
cheliceral  teeth,  a striking  red-orange  ventral  surface,  and  a distinct 
epigynum  (Figs.  25-27).  It  differs  from  S.  ftoridanus , its  closest 
neighbor  geographically,  in  number  of  cheliceral  teeth  (Table  1), 
color  pattern  (compare  Fig.  39  with  Figs.  34-38),  and  epigynal 
structure  (compare  Figs.  25-27  with  Figs.  10-13,  19-24).  Svsippus 
placidus  agrees  with  S.  mimus  in  number  of  posterior  cheliceral 
teeth  (Table  1),  but  is  distinguished  from  that  species  by  its  dif- 
ferent color  (red-orange  ventral  surface),  distinct  epigynum  (com- 
pare Figs.  25-27  with  Figs.  1-9)  and  geographic  location  (Map  1). 
In  addition  to  its  morphological  distinctness,  S.  placidus  appears  to 
have  a different  breeding  season  than  the  populations  of  S.  ftoridanus 
occurring  in  its  vicinity  and  also  different  habitat  requirements. 
Sosippus  placidus  was  collected  in  a very  dry  area  of  scrub  vegeta- 
tion, including  Opuntia  (Figs.  44-45).  This  area  was  represented 
by  Red  Hill  Island  during  the  Aftonian  Interglacial  (Laessle, 
1958)  and  the  restricted  occurrence  of  this  species  seems  to  be 
directly  related  to  its  former  insular  distribution.  For  an  analysis 
of  the  evolutionary  factors  that  played  a key  role  here,  see  the  section 
on  Geographic  Variation  and  Speciation  in  this  paper. 

Records.  Florida.  Highlands  Co.:  Archibold  Biological  Sta- 
tion near  Lake  Placid,  24  Jan. -4  Feb.  1943  $00  (M.  Cazier),  6 mi. 
S of  Lake  Placid,  12  June  1968  3$$:7oo  (A.  R.  Brady,  J.  Tooth- 
aker) . 
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LEIODINAE  AND  CATOPINAE 
(COLEOPTERA;  LEIODIDAE) 

FROM  JAMAICA  AND  PUERTO  RICO* 

By  Stewart  B.  Peck 

Department  of  Biology, 

Carleton  University, 

Ottawa,  Ontario,  Canada 

The  Leiodidae  of  the  West  Indies  are  poorly  known.  In  the 
subfamily  Catopinae,  only  six  species  in  two  genera  are  reported ; 
one  Dissochaetus  from  Puerto  Rico  and  one  each  from  St.  Vincent 
and  Grenada;  and  three  species  of  Proptomaphaginus,  one  from 
Puerto  Rico  and  two  from  Cuba  (Peck  1970).  In  the  subfamily 
Leiodinae  only  three  species  are  known:  Cyrtusa  conicitarsus  Cham- 
pion 1925,  from  St.  Vincent  and  Grenada;  Aglyptinus  guadelupen- 
sis  Portevin  1942,  from  Guadeloupe;  and  A.  kaszabi  Hlisnikovsky 
1964,  from  Guadeloupe.  Although  Wolcott  (1936)  mentions  an 
Aglyptinus  from  Puerto  Rico,  it  was  intercepted  in  Inga  laurina 
pods  of  unmentioned  origin  by  Agriculture  inspectors  and  may  not 
be  the  native  species. 

This  paper  reports  on  collections  I made  during  field  studies  on 
the  evolution  and  distribution  of  West  Indian  Leiodidae  in  Puerto 
Rico  in  1966-1967  and  in  March-April  1968  in  Jamaica.  Data  on 
collecting  sites  and  methods  used  in  Puerto  Rico  are  in  my  1970 
paper.  Jamaican  collections  were  made  by  extracting  the  fauna  with 
Berlese  funnels  from  a total  of  220  pounds  (199  liters)  of  sifted 
forest  litter  taken  at  4 localities;  by  10  carrion-baited  pitfall  traps 
set  for  a total  of  90  effective  trapping  days  in  the  vicinity  of  Hard- 
war  Gap  in  the  Blue  Mountains;  and  by  collecting  in  seven  caves. 
Puerto  Rican  and  Jamaican  material,  collected  by  M.  W.  Sander- 
son and  H.  B.  Mills  of  the  Illinois  Natural  History  Survey,  is  in- 
cluded, and  is  indicated  by  (INHS). 

In  this  work,  126  specimens  of  a new  Dissochaetus,  94  speci- 
mens of  two  new  A glyptinus,  and  7 specimens  of  a new  Creagro- 
phorus  were  found  in  Jamaica,  and  8 specimens  of  a new  Aglyptinus 
in  Puerto  Rico.  Paratvpes  have  been  placed  in  the  collections  of  the 
Institute  of  Jamaica,  Kingston;  the  Canadian  National  Collection, 
Canada  Department  of  Agriculture,  Ottawa;  and  the  Illinois  Nat- 

*Manuscript  received  by  the  editor  April  24-,  1972. 
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ural  History  Survey,  Urbana.  Other  specimens  have  been  retained" 
in  my  collection. 


Subfamily  Catopinae 

Dissochaetus  jamaicensis  n.  sp. 

Holotype,  male  (in  Museum  Comparative  Zoology,  Harvard, 
MCZ  type  #32005).  Type  locality  and  data.  Jamaica;  St.  An- 
drew-Portland  Parishes,  Hardwar  Gap,  4000'  elev.,  31.iii-9.iv. 
1968,  S.  Peck,  A.  Fiske  leg.,  carrion  trap.  Paratypes,  104  with 
same  data. 

Description.  2. 3-2. 8 mm  long.  1 .2-1.5  mm  wide.  Winged. 
Color  dark  brown,  lighter  on  antennal  base,  legs,  and  anterior  cen- 
ter of  elytra.  Eyes  large.  Antennae  normal,  reaching  first  1/5  of 
elytra  when  laid  back.  Pronotum  coarsely  granulate;  transverse, 
widest  1/3  from  base,  1.5  times  as  wide  as  long;  posterior  angles 
obtuse.  Elytra  regularly  rounded.  Aedeagus  (fig.  1)  elongate, 
drawn  out  at  apex,  shorter  than  parameres,  no  lateral  hairs.  Para- 
meres  thin,  slightly  enlarged  and  flattened  at  ends  which  curve  to- 
ward each  other,  bearing  2 terminal  setae.  Internal  sac  armed, 
ligules  absent.  Genital  segment  (fig.  2)  complete,  longer  than 
broad,  sternite  lobes  thin  and  curved ; pleurite  lobes  thin,  with  a 
few  long  setae. 

Diagnosis  and  relationship.  The  species  can  easily  be  distinguished 
from  all  others  by  the  characters  of  the  aedeagus  and  the  genital 
segment.  The  species  belongs  to  the  spinipes  group  of  Jeannel  (1936) 
because  of  its  major  metatarsal  spur  which  is  longer  than  the  first 
metatarsomere,  and  of  the  characters  of  the  aedeagus.  This  group 
contains  the  other  known  West  Indian  species  of  the  genus.  How- 
ever, since  the  group  is  distributed  through  all  the  lands  bordering 
the  Caribbean  Sea,  and  the  Gulf  of  Mexico,  and  the  Dissochaetus 
fauna  of  most  of  this  land  is  inadequately  known,  little  about  re- 
lationships or  time  or  direction  of  migration  can  be  said. 

Collections  and  habitat  data.  Most  of  the  specimens  came  from 
carrion-baited  pitfall  traps  set  in  the  cloud  forest  of  Hardwar  Gap. 
This  is  a moist  to  wet  forest  at  4000'  elevation,  set  aside  as  a forest 
reserve  by  the  Jamaican  Forest  Service.  Big  trees  are  present  on 
level  ground,  but  much  of  the  forest  has  a somewhat  reduced  stat- 
ure. Epiphytes  and  tree  ferns  are  abundant.  The  litter  appeared 
rich  but  was  not  sampled  with  Berlese  funnels.  The  following  traps 
were  set  in  various  parts  of  this  forest  along  a new  road  that  was 
under  construction,  leading  down  to  the  north  shore.  T 309,  along 
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gully  in  dense  ginger  (Zingiberaceae)  undergrowth,  10  males,  12 
females.  T 310,  on  edge  of  forested  area  in  cluster  of  tree  ferns 
and  ginger,  4 males,  10  females.  T 31 1 and  T 312,  hillside  forest 
near  stream,  2 males,  12  females;  3 males,  30  females.  T 313  in 
midst  of  tree  ferns  with  heavy  undergrowth,  some  logging  present, 
soil  6i°F,  1 male,  6 females.  T 314,  dense  forest,  3 males,  11  fe- 
males. 

The  species  was  taken  at  three  other  sites:  Trap  3°5  and  3°6, 
St.  Andrews  Parish,  New  Castle,  3000'  elev.,  a cool  moist  forested 
ravine  between  milepost  16  and  17,  6 males,  9 females.  Trap  307 
and  308,  St.  Andrews  Parish,  Greenwich,  near  New  Castle,  3700' 
elev.,  a forest  on  a steep  dryish  talus  slope,  soil  63 °F,  1 male,  5 
females.  Berlese  1 1 9,  St.  Ann  Parish,  3 mi  N Ewarton,  6.iv.68, 
Peck  & Fiske,  2000'  elev.,  23  lbs  (22  liters)  sifted  moist  forest  leaf 
litter  and  soil  under  human  dung,  1 male. 

In  these  collections,  females  (95)  were  three  times  as  abundant 
as  males  (31).  It  may  be  that  they  are  more  attracted  by  the  bait 
since  it  may  be  a potential  oviposition  site.  This  is  a better  rep- 
resentation of  males  than  in  Dissochaetus  portoricensis  Hatch  where 
15  males  and  215  females  were  collected  (Peck  1970). 

It  is  interesting  to  note  in  conclusion  that  Jamaica  is  known  to 
have  only  this  species  of  Catopinae,  while  each  of  the  other  two 
investigated  Greater  Antillean  Islands  (Cuba  and  Puerto  Rico) 
have  two  species  apiece. 

Subfamily  Leiodinae 
Genus  A glyptinus  Cockerell 

Diagnosis.  Body  hemispherical;  not  perfectly  contractile;  darkly 
colored;  smooth,  shining,  lightly  punctured.  Size  small,  about  1.5- 
2.5  mm.  Head  flattened,  antennal  grooves  distinct.  Antennae  slender; 

1 1 segmented ; 5 segmented  club  beginning  with  enlarged  segment 
seven,  segment  eight  smaller  than  seven  and  nine.  Mesosternum  with 
keel.  Protarsi  3 segmented  in  females,  4 segmented  in  males;  meso- 
and  metarsi  3 segmented  in  both  sexes. 

The  genus  has  17  previously  named  species  distributed  from  south- 
ern Canada  to  Paraguay  and  southern  Brasil.  Hlisnikovsky  (1964'* 
provides  a thorough  description  of  the  genus,  and  a key  to  the  species. 
I have  found  the  named  and  new  species  difficult  to  distinguish  by 
external  features.  Thus,  my  following  descriptions  emphasize  the 
aedeagus  which  I believe  to  be  the  most  useful  character  complex 
in  the  genus  for  species  discrimination. 


52 


Psyche 


[March-June 


Aglyptinus  dimorphicus  n.  sp. 

Holotype,  male  (in  MCZ,  type  #32002).  Locality  and  data. 
Jamaica;  Trelawney  Parish,  Windsor  Great  Cave  (at  Windsor,  10 
mi  S Falmouth),  5.iv.68,  S.  Peck  & A.  Fiske.  Paratypes,  34  with 
same  data. 

Description.  Length  1.3- 1.5  mm.  Color  rufotestaceous  to  piceous. 
Epipleuron  often  light  in  dark  specimens.  Eyes  normal.  Head, 
prothorax,  and  elytra  with  fine  and  scattered  punctures,  and  hairs. 
Wings  dimorphic;  of  normal  length  and  apparently  functional,  or 
reduced  to  3/4  the  length  of  the  elytra  and  functionless.  Aedeagus 
(fig.  3)  long,  thin,  curved,  sinusoidal  at  tip;  in  dorsal  view  (fig.  4), 
tip  thin  and  pointed.  Parameres  thin,  straight,  about  2/5  length  of 
aedeagus. 

Diagnosis.  The  wing  dimorphism  and  characters  of  the  aedea- 
gus separate  the  species  from  others. 

Variation.  The  aedeagus  in  some  specimens  is  sometimes  slightly 
broader  in  the  middle  and  not  quite  so  curved  as  illustrated  in  the 
lateral  view.  Wing  dimorphism  data  are  below. 

Collections  and  habitat  data.  The  type  series  contains  14  males 
and  21  females,  all  with  short  wings,  taken  concentrated  in  a few 
areas  of  moist  guano  of  insectivorous  bats.  Other  specimens,  all 
from  Jamaica,  are  as  follows : Clarendon  Parish : Colonel’s  Ridge, 
14.V.1950,  H.  B.  Mills,  1 short  wing  female  (INHS).  Manchester 
Parish:  Mandeville,  14.iv.1959,  M.  W.  Sanderson,  1 long  wing 

female  (INHS).  Near  Round  Hill,  16.vi.1950,  H.  B.  Mills 
(INHS).  Portland  Parish:  Hardwar  Gap,  9.V.1950,  H.  B.  Mills, 

1 short  wing  male;  1 short  wing  female  (INHS).  St.  Andrew 
Parish:  Hermitage  Dam,  1750  ft.  elev.,  io.v.1950,  H.  B.  Mills, 
one  short  wing  male,  one  long  wing  and  one  short  wing  female 
(INHS).  St.  Ann  Parish:  2.5  mi  S Moneague,  2250  ft.  elev. 
(Mt.  Diablo),  Ber  1 1 7 (forest  litter,  60  pounds,  56  liters),  2 
males,  8 females,  all  long  winged.  Ber  118,  same  data  as  Ber  1 1 7 , 
but  rotted  logs  (88  pounds,  81  liters)  in  forest,  1 male,  1 female, 
both  with  short  wings.  3 mi  N Ewarton,  6.iv.68,  Peck  & Fiske, 
2000'  elev.,  Ber  119  (leaf  litter  under  human  dung,  23  pounds,  22 
liters),  2 females  with  long  wings  and  1 with  short,  2 males  with 
short  wings.  Mt.  Diablo,  13.vi.1950,  H.  B.  Mills,  1 female  and 

2 male  short  wing  (INHS).  Brownstown,  14.V.195O,  H.  B„  Mills, 

1 long  wing  male  (INHS).  St.  Catherine  Parish:  St.  Claire  Cave 
(1  1/2  mi  SW  Ewarton),  7.iv.68,  Peck  & Fiske,  2 short  winged 
females.  1 1/2  mi  SW  Ewarton,  7.iv.68,  Peck  & Fiske,  1000' 
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elev.,  Ber  120  (dryish  leaf  litter  at  tree  base,  21  pounds,  40  liters), 
1 male  and  female  with  long  wings,  3 males  and  3 females  with 
short  wings.  St.  Elizabeth  Parish:  Southfield,  16.V.1950,  H.  B. 
Mills,  1 long  wing  female  (INHS).  St.  Thomas  Parish:  Corn 
Puss  Gap,  n.v.1950,  H.  B.  Mills,  1 male  and  1 female  short  wing, 
1 long  wing  male.  Trelawney  Parish:  Drip  Cave  (1  1/2  mi  SSE 
Stewart  Town),  2.vi.68,  Peck  & Fiske,  13  males,  16  females,  all 
with  short  wings,  from  moist  guano. 

The  data  show  the  species  to  be  present  in  caves  and  forest  litter 
at  low  and  middle  elevations.  The  cave  populations  are  all  short 
winged.  Forest  litter  populations  contain  long  and  short  winged 
males  and  females.  The  sample  is  inadequate  to  compute  the  rela- 
tive frequency  of  short  wings  in  the  litter  populations  and  any  pos- 
sible relationship  to  sex.  Wing  dimorphism  has  not  been  noted 
for  other  members  of  the  genus.  The  species  is  syntopic  with  the 
following,  for  both  species  were  collected  in  Berlese  sample  118, 
and  at  Corn  Puss  Gap. 

Aglyptinus  jamaicensis  n.  sp. 

Holotype,  male  (in  MCZ,  type  # 32003).  Locality  and  data. 
Jamaica;  St.  Ann  Parish,  2.5  mi  S Moneague,  3.VL1968,  S.  Peck 
and  A.  Fiske,  2250'  elev.,  Ber  118  (rotted  logs  in  forest,  88  pounds, 
81  liters).  Paratypes,  5 males  and  9 females  with  same  data;  and 
2 males,  2 females,  St.  Thomas  Parish,  Corn  Puss  Gap,  n.v.1950, 
H.  B.  Mills  (INHS). 

Description.  Length  1.1-1.5  mm.  Color  piceous.  Eyes  and  wings 
normal.  Head,  prothorax,  and  elytra  with  fine  and  scattered  hairs 
and  punctures.  Aedeagus  (fig.  5)  broad  at  base,  gradually  tapering 
and  curving;  in  dorsal  view  (fig.  6)  tip  broad  and  narrowing 
rapidly  to  apex.  Parameres  short,  thin,  bent  at  tips. 

Diagnosis.  The  characters  of  the  aedegus  separate  the  species 
from  all  others. 

Variation.  In  some  specimens  the  aedeagus  is  narrower  at  the 
tip  and  narrower  in  the  center  in  the  lateral  view  than  illustrated. 
There  is,  nevertheless,  a clear  gap  in  shape  between  this  and  the 
preceding  species. 

Habits.  This  and  the  preceding  species  are  syntopic.  This  spe- 
cies was  not  found  in  caves  or  lowland  forest  litter.  It  may  be  more 
common  in  the  higher  elevation  forests,  where  I did  not  extensively 
collect. 
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Aglyptinus  puertoricensis  n.  sp. 

Holotype,  male  (in  MCZ,  type  #32004).  Locality  and  data. 
Puerto  Rico;  Toro  Negro  Forest,  Cerro  Dona  Juana,  1000  m elev., 
28.xii.  1 966-4^.1967,  S.  Peck,  yeast  bait  trap.  Paratypes,  1 male 
and  2 females  with  above  data;  1 male  and  2 females,  Puerto  Rico, 
Luquillo  Experimental  Forest,  300  m elev.,  26.xii. 1966-1.1.1967, 
S.  Peck,  yeast  trap;  1 male,  Puerto  Rico,  Maricao  State  Forest, 
i.vii.1958,  M.  W.  Sanderson,  beating  and  sweeping  (INHS). 

Description.  1.4- 1.7  mm.  Color  piceous.  Eyes  and  wings  nor- 
mal. Head,  prothorax,  and  elytra  with  fine  and  scattered  punc- 
tures and  hairs.  Aedeagus  (fig.  7)  broadest  at  base,  narrowing  and 
curving  to  middle,  from  middle  to  tip  straight,  gradually  narrowing 
to  tip;  in  dorsal  view  (fig.  8),  tip  pointed,  narrowing  towards  mid- 
dle. Parameres  straight,  with  constriction  near  middle,  1/3  length 
of  aedeagus. 

Diagnosis.  The  characters  of  the  aedeagus  separate  the  species 
from  all  others. 

Habits.  The  species  is  undoubtedly  more  widely  distributed  in 
Puerto  Rican  forests  and  would  be  frequently  found  by  using  Ber- 
lese  funnels,  which  I did  not  use  in  Puerto  Rico.  It  was  not  found 
in  the  11  caves  I visited. 

Genus  Creagrophorus  Matthews 

Diagnosis.  Body  hemispherical;  darkly  colored;  smooth  and  shin- 
ing. Size  1. 2-1. 75  mm.  Eyes  large.  Antennal  grooves  distinct.  An- 
tennae short;  11  segmented;  club  5 segmented,  compact,  incrassate; 
club  segments  wider  than  long;  segment  eight  patelliform,  more 
short  and  narrow  than  seven  and  nine.  Mesosternum  vertical  in 
front;  without  keel.  Mesofemur  broad,  with  or  without  hook  on 
posterior  margin.  Mesotibia  broad  at  apex,  with  excavation,  more 
pronounced  in  male.  Metafemur  broad,  normal  in  female,  male 
with  one  or  two  hooks  or  teeth  on  posterior  edge.  Metatibia  nor- 
mal. Tarsal  formula  4-4-3,  or  3-3-3.  Abdomen  with  five  ster- 
nites,  the  first  forming  a long,  smooth,  subtriangular  plate. 

The  genus  is  thoroughly  described  by  Matthews  (1888)  who  rec- 
ognized two  species  from  Mexico  and  Panama.  The  following  is 
the  third  known  species.  Matthews  noted  the  close  similarity  of 
this  genus  to  the  eyeless  Scotocryptini,  which  are  inquilines  in  Meli- 
ponine  bee  nests.  Only  the  Scotocryptini  share  with  Creagrophorus 
the  unusual  shape  of  the  first  abdominal  sternite.  Matthews  de- 
scribed Creagrophorus  with  a 4-4-3  tarsal  formula  and  noted  that 
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Figures  1-12.  1,  dorsal  aspect  of  aedeagus,  Dissochaelus  jamaicensis. 

2,  ventral  aspect  of  genital  segment,  D.  jamaicensis.  3,  lateral  aspect  of 
aedeagus,  Aglyptinus  dimorphicus.  4,  dorsal  aspect  of  aedeagus  tip,  A. 
dimorphicus.  5,  lateral  aspect  of  aedeagus,  A.  jamaicensis.  6,  dorsal  aspect 
aedeagus  tip,  A.  jamaicensis.  7,  lateral  aspect  of  aedeagus,  A.  puertori- 
censis.  8,  dorsal  aspect  of  aedeagus  tip,  A.  puertoricensis.  9,  ventral  sur- 
face right  mesothoracic  leg,  Creagrophorus  jamaicensis.  10,  ventral  sur- 
face right  metathoracic  leg.  C.  jamaicensis.  11,  lateral  aspect  aedeagus 
tip,  C.  jamaicensis.  12,  dorsal  aspect  aedeagus  tip,  C.  jamaicensis.  Scale 
line  A 0.25  mm,  for  figs.  3-8  and  11-12.  Scale  line  B 0.20  mm,  for  figs.  9 
and  10. 


56 


Psyche 


[March-June 


this  differs  from  the  Scotocryptini  which  have  a 3-3-3  formula.  The 
species  described  below  has  a 3-3-3  formula  (at  least  in  the  female, 
the  male  protarsal  number  is  not  known),  which  reinforces  the  sim- 
ilarity of  the  two  groups.  Because  of  the  different  formula  of  the 
new  species,  it  will  not  key  to  the  correct  genus  in  Hatch  (1929). 

Greagrophorus  jamaicensis  n.  sp. 

Holotype,  male  (in  INHS).  Locality  and  data.  Jamaica;  St. 
Andrew  Parish,  Hermitage  Dam,  1750'  elev.,  io.v.1950,  H.  B. 
Mills.  Paratypes,  6 females  with  same  data. 

Description.  The  holotype  male  is  missing  its  head  and  pro- 
notum.  However,  characters  clearly  defining  the  species  are  present 
on  the  thoracic  and  abdominal  remnants. 

Length  1 .2-1.4  mm,  width  1 .0-1.1  mm;  male  elytral  length  1.1 
mm,  width  1.1  mm.  Color  medium  to  dark  reddish  brown;  antennae 
lighter.  Surface  smooth  and  shining.  Wings  normal.  Male  meso- 
femur  broad,  without  hook;  mesotibia  (fig.  9)  broad  at  apex;  3 
mesotarsal  segments;  metafemur  (fig.  10)  widening  toward  apex, 
with  tooth  1/3  from  apex,  and  hook  at  apex  on  posterior  margin; 
metatibia  normal;  3 metatarsal  segments.  Female  mesofemur  and 
mesotibia  similar  to  male;  metafemur  broad  but  without  tooth  and 
hook.  Female  tarsal  formula  3-3-3.  Aedeagus  (fig.  11)  small, 
curved  and  pointed  in  lateral  view;  in  dorsal  view  (fig.  12)  tip 
pointed ; internal  sac  with  long  thin  sclerotized  tube ; parameres 
fused  to  median  lobe. 

Diagnosis.  The  species  is  geographically  separated  from  the 
other  two  known  species  (ha??iatus  Matthews  of  Mexico  and  Pan- 
ama, and  the  bihamatus  Matthews  of  Panama),  and  differs  mor- 
phologically from  the  above  in  the  characters  of  the  male  meso- 
and  metafemora,  and  tarsal  formula. 
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NOTES  ON  THE  PEPINENSIS  GROUP  OF  THE 
CRAB  SPIDER  GENUS  EBO  (ARANEAE:  THOMISIDAE)* 

By  Norman  I.  Platnick 

Museum  of  Comparative  Zoology 
Cambridge,  Mass. 

Through  the  courtesy  of  Mr.  Donald  J.  Buckle,  I have  recently 
had  the  opportunity  to  examine  a series  of  crab  spiders  from  Saskatch- 
ewan representing  a new  species  of  Ebo  ( Ebo ).  As  this  genus 
has  recently  been  revised,  an  isolated  description  of  the  new  species 
seemed  warranted. 

The  Saskatchewan  specimens  are  most  closely  allied  to  Ebo 
pepinensis  Gertsch,  and  will  key  out  to  that  species  in  the  published 
key  (Sauer  and  Platnick,  1972,  p.  37),  which  should  be  emended 
as  follows: 

10a.  Carapace  pale  yellow  with  scattered  dark  circular  markings; 
legs  pale  yellow,  without  dark  deckings;  embolus  short 
(1972,  Figs.  13,  14);  spermathecae  as  in  1972,  Fig.  20; 

known  only  from  the  south  central  states  

punctatus  Sauer  and  Platnick 

10b.  Carapace  orange-brown  with  dark  deckings;  legs  usually  with 
dark  deckings;  embolus  long  (Figs,  1,  4)  ; spermathecae 
as  in  Figs.  3,  6 1 1 

1 1 a.  Embolus  broadly  curved,  middle  loop  of  duct  far  from  de- 
scending loop  (Fig.  4)  ; retrolateral  tibial  apophysis  broad, 
serrate  (Fig.  5)  ; spermathecae  separated  by  their  width 
(Fig.  6)  ; widely  distributed  pepinensis  Gertsch 

11b.  Embolus  distinctly  angular,  middle  loop  of  duct  near  de- 
cending  loop  (Fig.  1);  retrolateral  tibial  apophysis  long, 
narrow,  not  serrate  (Fig.  2)  ; spermathecae  separated  by 
less  than  half  their  width  (Fig.  3)  ; known  only  from 
Saskatchewan  bucklei  n.  sp. 

Ebo  bucklei  n.  sp. 

Figs.  1-3 

types.  Holotype  male,  allotype  female  from  Saskatchewan  (5  mi. 
NE  of  Saskatoon,  6-13  July  1967,  E.  Gorin)  deposited  in  the 
Museum  of  Comparative  Zoology.  Twenty-two  male  and  nine 
female  paratypes  from  the  same  locality,  various  dates. 

*This  investigation  was  supported  in  part  by  Public  Health  Service  Grant 
Al-01944. 
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Figs.  1-3.  Ebo  bucklei  n.  sp.  1.  Male,  left  palpus,  ventral  view.  2.  Retro- 
lateral  view.  3.  Female,  spermathecae,  dorsal  view  (fertilization  tubes 
omitted) . 

Figs.  4-6.  Ebo  pepinensis  Gertsch.  4.  Male,  left  palpus,  ventral  view. 
5.  Retrolateral  view.  6.  Female,  spermathecae,  dorsal  view  (fertilization 
tubes  omitted).  (Scale  line  0.1  mm) 


male.  Total  length  2.75  d=  0.18  mm;  carapace  1.29  ± 0.07  mm 
long  and  1.40  ± 0.09  mm  wide;  femur  II  2.43  ± 0.14  mm  long 
(23  specimens).  Carapace  orange-brown  with  dark  deckings  and  a 
network  of  dark  reticulations  from  the  lateral  edges  almost  to  the 
thoracic  groove.  Legs  with  irregular  reddish-brown  deckings.  Abdo- 
men pale  brown  with  dark  cardiac  mark  and  irregular  deckings 
forming  vague  chevrons  and  posterolateral  stripes. 

Palpal  segments  with  irregular  deckings,  as  in  Figs.  1,  2. 
female.  Total  length  3.88  ± 0.43  mm;  carapace  1.44  ± O.I2 
mm  long  and  1.59  r±=  0.10  mm  wide;  femur  II  2.38  ± O.iO  mm 
long  (10  specimens).  Coloration  as  in  male. 

Epigynum  typical  for  the  genus.  Spermathecae  as  in  Fig.  3 ; 
minute,  unsclerotized  fertilization  tubes  not  drawn. 
range.  Known  only  from  the  type  locality. 
comments  and  diagnosis.  Ebo  bucklei  is  most  similar  to  E. 
pepinensis  Gertsch,  but  may  be  distinguished  by  the  characters  listed 
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in  the  key  and  illustrated  in  Figs.  1-6.  Mature  males  of  E.  bucklei 
have  been  taken  from  late  May  through  late  July;  mature  females 
from  late  June  through  early  August. 

The  species  is  named  in  honor  of  Mr.  Donald  J.  Buckle,  who 
first  brought  it  to  the  author’s  attention. 
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A REVIEW  OF  NESTING  BEHAVIOR  IN  THE 
GENUS  ENTOMOGN A THUS,  WITH  NOTES  ON 
E.  MEMORIALS  BANKS 
(HYMENOPTERA:  SPHECIDAE) 

By  Richard  C.  Miller  and  Frank  E.  Kurczewski1 

The  genus  Entomognathus  contains  at  least  40  species,  half  in 
the  Ethiopian  and  in  the  Palaearctic,  Nearctic,  Oriental,  and  Neo- 
tropical regions  (Leclercq,  1954,  1 955 , 1961,  1963;  Nouvel  and 
Ribaut,  1956;  Krombein,  1963).  Relatively  little  is  known  about 
the  nesting  behaviors,  host  preferences,  or  life  histories  of  members 
of  this  genus.  Only  the  Palaearctic  E.  ( Entomognathus ) brevis  van 
der  Linden  has  been  studied  in  any  detail,  and  almost  nothing  is 
known  about  the  four  U.  S.  species  belonging  to  the  subgenus 
Toncahua.  One  of  the  purposes  of  the  present  paper  is,  therefore, 
to  amalgamate  information  on  the  host  preferences,  nesting  behaviors, 
life  histories,  and  immature  stages  of  the  species  of  Entomognathus , 
based  upon  a review  of  the  world  literature.  The  major  portion  of 
this  paper  details  the  components  of  the  nesting  behavior  of  E.  ( Ton- 
cahua) memorialis  Banks,  describes  the  mature  larva  and  cocoon, 
and  compares  this  species  and  related  crabronine  and  larrine  wasps 
in  nesting  ethology  and  larval  and  cocoon  morphology.  The  adult 
wasps  and  prey  beetles  have  been  placed  in  the  S.  U.  N.  Y.  College 
of  Forestry  Insect  Museum,  and  the  mature  larva  has  been  deposited 
in  the  Museum  of  Comparative  Zoology,  Harvard  University. 

Entomognathus  { Mashona ) mimicus  Arnold 

One  female  from  Bekily,  Madagascar  was  observed  by  Arnold 
(1944)  preying  upon  a small  chrysomelid  beetle. 

Entomognathus  {Mashona)  patricius  Arnold 

Arnold  (1932)  reported  several  females  nesting  in  a clay  bank 
beside  a stream  in  Bulawayo,  S.  Rhodesia.  The  wasps  were  preying 
upon  a species  near  Ootheca  modesta  Gahan  (Chrysomelidae : Gale- 
rucinae) . 

Entomognathus  {Entomognathus)  brevis  v.  d.  Lind. 

This  widely  distributed  Palaearctic  species  has  been  reported  to 
nest  in  sand,  gravel,  clay,  and  chalky-loam,  and  to  burrow  in  hori- 

^epartment  of  Forest  Entomology,  State  University  College  of  Forestry, 
Syracuse,  New  York  13210. 
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6l 


62 


Psyche 


[March-June 


zontal  and  vertical  situations  as  well  as  in  depressions  (Chambers, 
1949).  E.  brevis  has  been  known  to  nest  in  or  near  woodlands 
(Grandi,  1927;  Chambers,  1949),  and  to  aggregate  (Benoist,  1915). 
According  to  Adlerz  (1912),  females  were  observed  to  enter  the 
burrows  of  other  wasps,  remain  for  only  a moment,  and  exit,  but 
it  was  not  ascertained  whether  the  wasps  used  pre-existing  burrows 
for  nest-sites. 

The  females  have  been  noted  to  construct  earthen,  chimney-like 
extensions  of  the  burrows,  io-25-mm-long,  above  the  ground  surface 
(Benoist,  1915;  Grandi,  1927,  1931),  or  to  make  no  such  exten- 
sions (Maneval,  1928,  1937 ; Abrahamsen,  1951).  Grandi  (1931) 
found  nests  with  and  without  turrets  in  the  same  area.  The  main 
burrow,  2-3  mm  in  diameter,  plunged  obliquely  downward,  some- 
times circumventing  subterranean  obstacles,  and  at  depths  of  6-12 
cm  branched  into  side  burrows  leading  to  the  cells;  the  oval  cells, 
4X8  mm,  were  located  at  depths  of  6-12  cm  beneath  the  surface 
(Grandi,  1927;  Maneval,  1928;  Abrahamsen,  1951),  the  maximum 
number  per  nest  being  ten  (Benoist,  1915). 

The  wasps  transported  their  prey  in  flight,  holding  it  with  the 
middle  legs,  and  hovered  back  and  forth  in  front  of  the  entrance 
before  diving  inside  (Adlerz,  1912). 

Seven  genera  and  seventeen  species  of  Chrysomelidae  have  been 
reported  as  prey  of  E.  brevis  (Table  1).  All  are  members  of  the 
subfamily  Alticinae  except  Cryptocephalus  labiatus  L.  (Crypto- 
cephalinae).  In  one  of  the  earliest  reports  on  this  species,  Sick- 
mann  (1893)  recorded  small  flies  as  prey;  however,  this  record  was 
probably  based  upon  a misidentification  of  the  wasp.  The  prey  are 
never  killed  by  the  wasp  but  invariably  paralyzed  (Benoist,  1915; 
Grandi,  1927,  1931;  Maneval,  1928;  Abrahamsen,  1951). 

Both  Maneval  (1928)  and  Grandi  (1931)  noted  that  large  and 
small  chrysomelids  were  captured  by  the  wasps.  The  number  of 
prey  stored  per  cell  ranged  from  14  to  24.  From  one  to  four  genera 
and  species  were  stored  in  a single  cell,  and  at  least  two  and  usually 
three  or  four  species  were  captured  at  all  but  one  of  the  several 
localities  where  more  than  one  prey  was  collected  (Benoist,  1915; 
Hamm  and  Richards,  1926;  Grandi,  1927,  1931;  Maneval,  1928, 
1937;  Richards,  1944;  Abrahamsen,  1951). 

According  to  Grandi  (1927)  and  Maneval  (1928),  the  wasp  did 
not  lay  her  egg  until  the  full  complement  of  prey  had  been  put  in 
the  cell.  Maneval  (1937)  found  prey  near  the  bottom  of  the  nest 
in  a section  of  the  burrow,  3-4-cm-long,  but  he  did  not  note  an  egg 
attached  to  any  of  the  beetles.  In  fully-provisioned  cells,  the  beetles 
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Table  i.  Species  of  prey  of  Entomognathus  brevis . 


Genus  and  species  of  prey 


Source 


Aphthona  euphorbiae  Schrank 
A phthona  herbigrada  Curtis 
Aphthona  pygmaea  nigella  Kutsch. 
Chaetocnema  arida  Foudras 
Chaetocnema  concinna  Marsham 
Chaetocnema  hortensis  Geoffroy 
(—  aridella  Paykull) 

Chalcoides  aurata  Marsham 
Crepidodera  ferruginea  Scopoli 


Cryptocephalus  labiatus  Linnaeus 
Longitarsus  jacobaeae  Waterhouse 
Longitarsus  luridus  Scopoli 
Longitarsus  nasturtii  Fabricius 
Longitarsus  pellucidus  Foudras 
Longitarsus  pratensis  Panzer 

Longitarsus  succineus  Foudras 
Longitarsus  suturalis  Marsham 
Phyllotreta  nigripes  Fabricius 
Phyllotreta  sp. 


Grandi,  1931 

Grandi,  1927;  Maneval,  1937 
Grandi,  1931 
Maneval,  1937 
Richards,  1944 

Grandi,  1931;  Richards,  1944; 

Abrahamsen,  1951 
Richards,  1944 

Maneval,  1928;  Bouwman,  1930; 
Grandi,  1931 ; Chambers,  1949; 
Abrahamsen,  1951 
Hamm  and  Richards,  1926 
Hamm  and  Richards,  1926 
Adlerz,  1912 
Abrahamsen,  1951 
Grandi,  1927 
Grandi,  1927,  1931 ; 

Maneval,  1937 
Maneval,  1928;  Grandi,  1931 
Maneval,  1937 
Grandi,  1931 
Benoist,  1915 


were  piled  indiscriminately  with  the  egg-bearer,  ventral-side-upward, 
on  top  of  the  pile;  the  wasp’s  egg  was  attached  to  the  venter  of  the 
beetle  at  the  mesal  base  of  the  forecoxa,  and  extended  transversely 
beyond  the  side  of  the  beetle  (Grandi,  1927).  It  was  elongate, 
subcylindrical,  curved,  and  measured  2 X ^ mm. 

The  cocoon  of  E . brevis  has  been  reported  to  be  thin-walled  and 
to  measure  4.5-6  X 2-3  mm  (Benoist,  1915).  According  to  this 
author,  the  mature  larva  pushed  the  uneaten  prey  fragments  to  one 
end  of  the  cell  rather  than  distributing  them  over  the  surface  of 
the  cocoon.  The  larva  pupated  in  June  of  the  following  year  and 
the  adult  appeared  during  the  second  half  of  July.  Adult  wasps 
have  been  collected  in  Europe  from  the  second  week  in  June 
(Chambers,  1949)  to  the  second  week  in  September  (Grandi,  1927). 

Entomognathus  ( Toncahua ) texana  Cresson 
Cazier  and  Mortenson  (1965)  collected  one  female  flying  above 
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Fig.  1.  Nesting-site  of  E.  memorialis  Banks  at  Chittenango,  N.  Y.  Indi- 
vidual nests  occupied  the  upper  portion  of  cliff,  among  roots. 

a sandy  river  bed  in  New  Mexico  with  a Diabrotica  tricincta  Say 
( Chrysomelidae : Galerucinae) . 

Entomognathus  ( Toncahua ) memorialis  Banks 
Ecology.  Krombein  (1963)  characterized  this  species  as  a sylvi- 
colous  form  which  nests  in  rather  heavy  soil.  He  recorded  specimens 
from  Connecticut,  New  Jersey,  Maryland,  District  of  Columbia, 
Virginia,  and  Kansas.  We  observed  small  aggregations  of  this 
species  flying  near  the  tops  of  1-6-ft-high  sand  cliffs  at  Chittenango, 
Madison  Co.,  N.  Y.  (Fig.  1)  during  19-28  August  1970  and  12  July 
1971,  and  at  Presque  Isle  St.  Pk.,  Erie  Co.,  Pa.  from  4 to  9 July 
1971.  Both  sites  bordered  bulldozed  sandy  fields  near  stands  of 
deciduous  northern  hardwoods.  At  Chittenango,  other  sphecids 
nesting  in  the  cliff  included  Philanthus  politus  Say,  Oxybelus  bi~ 
punctatus  Oliv.,  O.  emar ginatus  Say,  and  Xyloceiia  sp.  Cliff-nesting 
sphecids  at  Presque  Isle  comprised  Miscophus  americanus  Fox, 
Philanthus  gibbosus  ( F. ) , and  Xyloceiia  franciemonti  Krom. 

Mating  Behavior.  Ten  males  and  three  females  were  observed 
flying  in  front  of  the  sand  cliff  at  Presque  Isle  during  the  6-day 
observation  period.  The  males  continuously  circled  a small  Rubus 
plant  at  the  base  of  the  cliff  and  attempted  to  mate  with  small 
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wasps,  flies,  and  beetles  as  they  landed  on  the  leaves.  They  pursued 
females  in  flight  and  pounced  upon  them  as  they  rested  on  the 
vegetation.  One  “mating  ball”  of  three  males  and  a female  was  seen 
tumbling  over  the  sand  until  only  one  male  remained  whereupon 
the  pair  flew,  still  coupled,  into  the  dense  vegetation  behind  the  cliff. 

Nest-Site  Selection.  Although  both  males  and  females  spent  the 
night  in  pre-existing  holes  in  the  cliff,  facing  head-outward,  these 
burrows  were  not  utilized  by  the  wasps  for  nest-sites.  The  females 
emerged  from  the  holes  between  10  and  11  a„m.  and  reentered  them 
for  the  night  between  2 130  and  3 130  p.m.  The  males  were  seen 
outside  earlier  in  the  morning  and  later  in  the  afternoon  than  this. 
During  the  day  females  flew  from  one  preexisting  cavity  to  another, 
searching  longest  in  root-shrouded  areas  near  the  top  of  the  cliff. 
Occasionally,  they  climbed  up  the  rootlets  and  sampled  the  soil 
with  their  mandibles.  The  males,  on  the  other  hand,  investigated 
holes  in  the  cliff  only  during  late  afternoon  when  they  were  looking 
for  places  to  spend  the  night. 

At  Presque  Isle  females  were  out  for  nearly  a week  without  one 
of  them  selecting  a permanent  nest-site  or  bringing  in  provisions. 
Seven  males  and  three  females  observed  at  Chittenango  on  12  July 
1971  behaved  similar  to  the  wasps  at  Presque  Isle,  except  for  one 
female  which  entered  a nest  with  prey. 

Nest  Structure.  Seven  nests  of  E.  memorialis  were  excavated  and 
studied  at  Chittenango.  The  entrances,  4.0-4. 5 mm  in  diameter, 
were  located  among  dense  rootlets,  9.5-24.0  (mean  13.3)  cm  below 
the  top  of  the  cliff.  A narrow,  rather  inconspicuous  streak  of  sand 
extended  down  the  slope  beneath  each  entrance,  indicating  evidence 
of  recent  soil  removal.  The  burrows,  3 mm  in  diameter,  entered  the 
outer  sandy-loam  at  about  right  angles  to  the  cliff  and  usually 
arched  upward  before  descending  into  hard-packed  sand  in  one  or 
more  undulations  (Fig.  2a-d).  The  mean  length  of  unobstructed 
burrow  from  the  entrance  was  16.8  (9.5-27.0)  cm.  The  distance 
from  the  entrance  to  the  farthest  cell  in  the  nest  via  the  burrow 
ranged  from  9.5  to  29.0  (mean  21.2)  cm. 

The  four  nests  containing  the  largest  number  of  cells  (9-20) 
exhibited  branching  of  the  main  burrow.  The  cells  were  arranged 
either  singly,  in  fan-shaped  clusters,  or  in  series,  with  cells  in  tandem 
especially  common.  Tunnels  from  the  main  burrow  to  cells  in 
clusters  were  not  traceable,  but  those  leading  to  and  adjoining  the 
cells  in  tandem  were  often  loosely  filled  with  sand  and  easily  fol- 
lowed. The  broadly  oval  cells  averaged  4.4  X 8.5  mm  and  ranged 
from  4 X 6 to  5 X 13  mm  (N=29).  They  were  located  13. 5-25.0 
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Fig.  2a-d.  Side  (S)  and  top  (T)  views  of  four  nests  of  E.  memorialls 
Banks;  x indicates  burrow  storage,  numbers  in  (c)  the  sequence  in  which 
cells  were  provisioned.  Stippling  refers  to  sand  fill.  Scale  for  nest  (d) 
applies  to  all  nests. 


1972] 


Miller  & Kurczewski — Entomogncithus 


67 


(mean  18.8,  N = 74)  cm  below  the  top  of  the  cliff.  Relative  to  the 
entrance,  the  cells  were  found  from  2.5  cm  above  its  level  to  13.5 
cm  below  it,  averaging  5.5  cm  below.  The  horizontal  distance  from 
the  cliff  face  to  a cell  averaged  12.2  (4.5-21.5,  N=66)  cm. 

The  number  of  cells  per  nest  ranged  from  3 to  20  (mean  10.7). 
Except  for  cells  in  tandem,  there  was  no  correlation  between  the 
age  of  the  cell  and  its  position  in  the  nest.  In  each  tandem  series, 
the  cell  farthest  from  the  entrance  in  terms  of  total  burrow  length 
was  the  oldest.  Because  cells  in  series  occasionally  curved  back  toward 
the  entrance,  an  older  cell  was  sometimes  closer  to  the  entrance  than 
a newer  one  in  absolute  distance  (Fig.  2b,  c).  In  nests  1 and  2 
(Fig.  2a,  b),  the  female  moved  farther  away  from  the  entrance  as 
she  constructed  new  series  of  cells.  In  nest  3 (Fig.  2c),  worked 
on  by  two  females  in  succession,  the  first  wasp  apparently  constructed 
tandem  series  toward  the  entrance  whereas  the  second  one  built  a 
series  of  three  cells  near  the  front  and  then  a fan-shaped  cluster  of 
four  cells  at  the  back. 

Transport  and  Storage  of  Prey.  A provisioning  female  returned 
to  her  nest  in  flight,  holding  the  beetle  head-forward  and  venter-up 
with  the  middle  legs.  She  usually  hovered  briefly  in  front  of  the 
cliff  face  before  diving  into  the  open  entrance.  The  myriad  of  root- 
lets frequently  made  entry  difficult  and  may  have  been  responsible 
for  many  of  the  abandoned  prey  found  beneath  the  entrances. 

The  single  hunting  time  recorded  was  3 min.  15  sec.  The  same 
female  twice  took  2 min.  to  store  a prey  and  return  to  the  entrance. 
Temporary  storage  of  beetles  in  the  burrow  at  some  distance 
from  the  entrance  was  recorded  for  three  of  the  seven  nests  (Fig. 
2c,  d ) . Such  prey  were  placed  head-inward  and  were  loosely  covered 
with  sand  particles.  All  of  the  beetles  were  partially  paralyzed  and 
moved  their  antennae  and  legs  or  flexed  their  elytra. 

Nest  provisions.  Prey  taken  from  the  Chittenango  nests  in  1970 
were  determined  as  Altica  ulmi  Woods  ( Chrysomelidae : Alticinae). 
Two  specimens  collected  from  nests  at  this  locality  in  July  and 
August  1971  proved  also  to  be  this  species.  E.  J.  Kurczewski  (corre- 
spondence) took  a memorialis  female  with  A . marevagans  Horn  at 
Presque  Isle  in  August  1971.  Of  the  220  A.  ulmi  preserved  for 
identification,  46.8%  were  females  and  53-2%  males. 

The  mean  number  of  prey  per  cell  was  5.1  (3-9,  N=42).  The 
total  weight  of  the  beetles  per  cell  in  13  fully-provisioned  cells 
ranged  from  16.8  to  54.5  (mean  27.0)  mg.  Individual  beetles  weighed 
from  3.7  to  8.0  (mean  5.4,  N=68)  mg,  whereas  one  female  wasp 
weighed  7.0  mg.  The  beetles  in  the  cells  were  positioned  head- 
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Fig.  3.  (above).  $ Altica  ulmi  Woods  bearing  egg  of  E.  memorialis 
Banks  in  typical  position. 

Fig.  4.  (below).  Cocoon  of  E.  memorialis  Banks. 
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inward  and  ventral-side-upward  or,  less  commonly,  dorsal-side- 
upward  or  on  the  side.  The  egg-bearing  beetle  was  located  at  the 
back  end  of  the  cell  and  was  placed  venter-up  or  pressed  obliquely 
against  the  wall. 

In  several  nests,  cells  contained  fresh  or  moldy  prey  but  no  egg, 
larva,  or  parasites.  In  three  cases,  abandoned  prey  were  found 
buried  in  the  sand  plug  which  sealed  off  a fully-provisioned  cell. 
Four  beetles  were  entombed  in  single  file  in  the  loose  sand  in  front 
of  a cell  containing  six  prey  and  an  egg.  The  elytra  of  one  beetle 
served  as  a wall-like  barrier  to  the  cell. 

Egg  and  Immature  Stages.  The  curved,  hyaline  egg,  1.5-mm-long, 
was  attached  by  the  cephalic  end  to  the  anterolateral  mesosternum 
near  one  of  the  procoxae  (Fig.  3).  It  extended  transversely  but 
somewhat  obliquely  across  the  mesosternum,  the  free  end  lying  above 
one  of  the  anterolateral  corners  of  the  metasternum.  Several  mature 
larvae  were  reared  and  are  described  later  in  this  paper.  The  brown, 
ellipsoidal  cocoons  averaged  2.5  X 5.5  mm  and  consisted  of  silk, 
saliva,  and  sand  grains  (Fig.  4).  The  uneaten  prey  fragments  were 
not  embedded  in  the  cocoon  but  were  pushed  to  one  end  of  the 
cell  by  the  larva. 

Nest  Repossession  and  Renovation.  During  19-28  August  1970, 
several  females  were  provisioning  nests  at  Chittenango  but  no  males 
were  seen.  Other  females  were  observed  searching  in  holes  and 
crevices  rather  than  bringing  in  prey.  Two  of  the  wasps  persisted 
in  entering,  backing  out  of,  hovering  in  front  of,  and  reentering 
certain  burrows.  Providing  an  appropriate  site  is  found,  such  wasps 
may  repossess  and  add  to  nests  used  earlier  in  the  season  by  other 
females.  In  fact,  nest  3 (Fig.  2c)  with  recently-captured  beetles 
in  the  burrow  also  contained  a dead  memorialis  female  sealed  off 
by  loose  sand  at  the  end  of  the  main  burrow.  Cells  1 - 1 3 housing 
cocoons  or  nearly  mature  larvae  were  probably  made  by  the  first 
female  before  she  died,  whereas  cells  14-20  with  recently-captured 
prey  and  eggs  were  probably  made  by  the  new  occupant.  In  another 
nest,  containing  mostly  old  cells,  a dead  memorialis  female  was 
found  deep  in  the  burrow  but  she  was  not  sealed  off  with  sand. 
This  nest,  now  being  occupied  by  another  female,  held  some 
recently  completed  cells  and  three  beetles  in  burrow  storage. 

Description  of  the  Mature  Larva 

Six  mature  larvae  from  Chittenango  which  were  preserved  in 
Kahle’s  solution  and  later  transferred  to  70%  alcohol  were  utilized 
in  the  following  description.  None  of  the  larvae  had  begun  to  spin 
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Figs.  5-12.  Mature  larva  of  E.  memorlalis  Banks.  5.  Lateral  view  of 
entire  larva.  6.  Thoracic  spiracle.  7.  Head  in  frontal  view.  8.  Clypeus 
and  labrum  (right),  epipharynx  (left).  9.  Dorsal  view  of  right  mandible. 
10.  Ventral  view  of  right  mandible.  11.  Dorsal  view  of  right  maxilla. 
12.  Dorsal  view  of  prementum  of  labium. 


1972] 


Miller  & Kurczewski  — Entomognathus 


71 


cocoons.  Specific  parts  examined  under  the  microscope  were  boiled 
briefly  in  KOH  and  then  mounted  in  glycerine. 

Body  (Fig.  5).  Length  7 mm;  maximum  width  2.5  mm.  Stout, 
slightly  curved,  fusiform  to  subclavate,  greatest  width  somewhat 
beyond  middle  ; pleural  lobes  prominent,  broadly  rounded,  those  on 
meso-  and  metathorax  oblique  and  more  protuberant;  penultimate 
abdominal  segment  with  small  pleural  lobe;  anus  ventral,  preapical 
and  directed  ventrad,  anal  segment  rounded  smoothly  beyond  anus; 
integument  clothed  with  abundant  minute  spinules  and  sparse  setae 
confined  mainly  to  dorsum  and  pleural  lobes;  pronotum,  mesonotum 
and  metanotum  with  transverse  series  of  12  or  13  setae  along  dorsal 
ridge  which  is  free  of  spinules,  thoracic  pleural  lobes  without  spinules 
but  with  2 or  3 setae,  longest  seta  on  thorax  about  58  /x;  first 
abdominal  tergite  with  transverse  row  of  10  setae,  the  longest  35  /x; 
other  tergites  without  conspicuous  setae;  sternites  uniformly  and 
thoroughly  clothed  with  minute  spinules;  spiracles  (Fig.  6)  small, 
weakly  pigmented,  posterior  ones  slightly  smaller  than  anterior  ones; 
thoracic  spiracular  atrium  55  fi  in  diameter,  weakly  lined  with 
anastomosing  non-spinose  ridges  to  form  irregular  polygons,  opening 
into  atrium  surrounded  by  circular,  non-sculptured  area,  entrance 
to  subatrium  simple  and  unarmed. 

Head  (Fig.  7).  Height  .80  mm,  excluding  labrum;  width  .82 
mm.  Coronal  suture  and  parietal  bands  apparently  lacking;  front 
with  two  oval  longitudinal  impressions  between  antennal  orbits; 
epistomal  suture  indistinct,  indicated  by  a weak  transverse  impres- 
sion; antennal  orbits  subcircular,  45-50  /x  in  diameter,  antennal 
papillae  lacking,  three  sensilla  in  equilateral  triangle  arising  from 
membrane  at  lateral  margin  of  orbit.  Setae  on  head  numerous,  40 
of  them  distributed  rather  uniformly  on  sides  and  top  and  above 
bases  of  mandibles,  only  4 setae  on  frons  between  antennal  orbits, 
the  longest  49  /x;  clypeus  (Fig.  8)  with  transverse  row  of  4 setae 
and  basal  transverse  series  of  7 or  8 minute  “sensory”  convexities ; 
head  weakly  pigmented  except  for  anterior  tentorial  arms  and 
mandibles. 

Mouthparts.  Labrum  (Fig.  8)  .39  mm  wide,  truncate,  with  about 
18  setae  28  n long,  distributed  laterally  and  anteriorly,  several 
smaller  setae  extending  from  apical  margin  medially;  apical  margin 
bristly  except  in  center;  apex  of  oral  surface  with  median  pair  of 
minute  sensory  pegs  arising  from  circular  pores;  epipharynx  papillose 
on  basal  lateral  areas  but  spinulose  elsewhere,  center  with  stout, 
somewhat  raised  spinules  arranged  in  semicircular  pattern;  apical 
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spinules  more  slender  and  appressed ; small  oval  area  apparently 
free  of  pores  or  sensory  structures  at  each  side  of  central  patch  of 
spinules.  Mandible  (Figs.  9,  10)  .41  mm  long,  .20  mm  wide  near 
base,  with  single  basal  seta;  inner  margin  with  four  distinct  rounded 
teeth  in  about  the  same  plane  and  decreasing  in  size  from  apex  to 
base;  basal  tooth  blunt  and  transverse;  conspicuous,  broadly-rounded 
laminar  protuberance  between  and  ventral  to  second  and  third 
teeth;  dorsal  surface  with  polygonal  sculpturing  near  teeth. 

Maxilla  (Fig.  11)  strongly  and  broadly  produced  mesally,  but 
not  angulately  so,  inner  margin  densely  spinulose,  spinules  moderately 
long  and  appressed ; lacinial  area  with  conspicuous  tuft  of  long 
slender  erect  spinules;  outer  margin  with  four  or  five  strong  lateral 
setae  of  maximum  length  46  /x ; palpus  50  jx  long,  stouter  than  galea 
which  is  28  /x  long.  Hypopharynx  a broad  lobe  with  strong  dense 
spinules. 

Labium  (Fig.  12)  with  oral  surface  of  prementum  completely 
clothed  with  moderately  long  spinules  of  maximum  length  19  /x, 
spinules  not  separated  into  patches;  base  of  prementum  strongly 
sclerotized  on  oral  side  and  separated  from  remainder  of  labium  by 
distinct  suture;  palpi  43  /x  long,  exceeded  by  paired  spinnerets  which 
are  73  jx  long,  spinnerets  slender  and  truncate  apically. 

Discussion 

Entomognathus  can  be  categorized  as  a genus  of  chrysomelid- 
hunters,  based  upon  the  prey  records  presented  in  this  paper.  Thus 
far  there  is  no  species  overlap  in  the  genera  of  Chrysomelidae  preyed 
upon.  The  European  E.  brevis  is  the  most  polyphagous  species 
which  has  been  studied,  preying  upon  no  less  than  17  species  of 
Alticinae  and  Cryptocephalinae  (Table  1).  The  North  American 
E.  ( Toncahua ) texanus  captures  galerucine  leaf-beetles,  whereas 
E.  ( Toncahua ) memorialis  preys  upon  alticine  leaf-beetles.  One 
prey  species  of  the  latter,  A.  ul?niJ  has  been  reported  to  feed  in 
the  field  only  on  Ulmus  americana,  the  American  elm  (Woods, 
1918).  Nevertheless,  we  were  unable  to  discover  where  hunting 
and  prey  capture  took  place.  A second  prey  species,  A.  marevagans, 
has  been  collected  on  Oenothera  biennis , the  evening  primrose 
(J.  A.  Wilcox,  correspondence).  The  fact  that  slightly  more  males 
than  females  were  taken  by  E.  memorial i$  is  puzzling  in  view  of 
Blatchley’s  (1910)  statment  that  males  of  Altica  are  “much  less 
abundant  than  the  females.” 

The  prey  of  E.  memorialis  is  relatively  large  compared  to  that 
of  some  other  crabronine  wasps.  For  example,  mean  prey/wasp 
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weight  ratios,  expressed  as  decimals,  for  E.  memorialis,  Crossocerus 
maculiclypeus  (Fox),  and  Lindenius  columbianus  errans  (Fox) 
were  0.77,  0.22,  and  0.07,  respectively.  This  point  should  not  be 
stressed,  however,  because  the  weight  of  the  female  wasp  may  vary 
depending  upon  her  physical  condition  (see  Iwata,  1942).  We 
caught  a female  of  Cerceris  fumipennis  Say  (Sphecidae)  at  Auburn, 
N.  Y.,  weighed,  released,  and  recaptured  her  12  days  later,  and 
found  that  her  body  weight  had  decreased  from  95  to  74  mg,  or 
22%  ! 

Many  fully-provisioned  cells  of  E.  memorialis  lacked  an  egg, 
larva,  or  parasites,  and  we  believe  this  may  also  be  related  to  the 
physiological  state  of  the  female.  Because  they  were  excavated 
late  in  the  nesting  season,  such  cells  were  possibly  made  by  females 
which  had  already  exhausted  their  egg  supplies. 

The  rather  small  mean  number  of  prey  per  cell  recorded  for 
E.  memorialis  (5.1)  is  undoubtedly  related  to  the  relatively  large 
mean  sizes  of  the  beetles.  E . brevis  constructs  a cell  of  similar  size 
but  stores,  on  the  average,  considerably  more  (17.8),  usually  smaller 
beetles  per  cell.  There  is,  in  fact,  no  overlap  in  the  ranges  of  the 
number  of  prey  per  cell  for  brevis  (14-24)  and  memorialis  (3-9). 

Several  other  differences  in  nesting  behavior  are  evident  between 
brevis  and  memorialis , particularly  in  nest  structure  and  dimen- 
sions. Projecting  turrets  have  been  noted  for  nests  of  the  former 
but  not  for  nests  of  the  latter.  Series  of  cells  in  tandem  are  common 
in  nests  of  memorialis  but  have  not  been  observed  in  nests  of  brevis . 
The  maximum  number  of  cells  per  nest  in  memorialis  (20)  is  twice 
as  high  as  that  reported  for  brevis  (10).  The  burrows  of  the  former 
are  longer  than  those  of  the  latter,  and  the  nests  are  more  compli- 
cated. Although  both  species  place  the  egg  transversely  across  the 
mesosternum  of  the  beetle,  the  cephalic  end  is  attached  mesad  to  the 
base  of  the  procoxa  in  brevis  (see  Fig.  II  in  Grandi,  1927),  whereas 
in  memorialis  it  is  fastened  laterad  of  the  base  of  the  procoxa 
(Fig-  3)-  Furthermore,  the  caudal  end  of  the  egg  extends  beyond 
the  side  of  the  beetle  in  brevis  while  in  memorialis  it  does  not. 

Several  noteworthy  similarities  in  the  nesting  behaviors  of  brevis 
and  memorialis  may  be  applicable  for  the  entire  genus.  Both 
species  paralyze  their  prey,  probably  by  stinging,  and  enter  their 
nests  in  flight,  holding  the  beetle  with  the  middle  legs.  The  burrow 
storage  of  prey  observed  in  memorialis  is  similar  to  that  reported 
by  Maneval  (1937)  for  brevis.  The  burrow-searching  adults  of 
brevis  observed  by  Adlerz  (1912)  may  play  a role  similar  to  that 
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of  the  memorialis  females  we  implicated  in  nest  repossession  and 
renovation.  The  egg-bearer  is  placed  venter-up  in  the  cell  in  both 
species.  The  larvae  of  both  species  push  the  uneaten  prey  remains 
to  one  end  of  the  ceil  rather  than  distributing  them  evenly  over  the 
surface  of  the  cocoon  as  in  Lindenius  and  certain  Crahro  spp. 

A comparison  of  the  mature  larva  of  brevis , based  upon  Grandi’s 
(1927)  study,  with  that  of  memorialis  reveals  many  similarities  and 
only  few  differences.  The  base  of  the  prementum  of  memorialis  is 
rather  truncate  on  the  oral  side,  whereas  that  of  brevis  is  strongly 
rounded.  The  conspicuous  tuft  of  long,  erect  setae  on  the  lacinial 
area  of  memorialis  is  apparently  lacking  in  brevis.  The  spinules 
on  the  inner  margin  of  the  maxilla  and  the  oral  surface  of  the 
prementum  of  brevis  are  shorter  and  finer  than  those  of  memorialis. 
These  differences  are  seemingly  minor  and  may  represent  differences 
in  preparation  of  the  material  or  artistic  rendition  rather  than  genuine 
specific  differences. 

Our  study  of  E.  memorialis  confirms  several  behavioral  similarities 
between  this  genus  and  the  larrine  genus  Bothy nostethus  which  were 
pointed  out  in  a paper  on  the  nesting  behavior  of  B.  distinctus  Fox 
by  Kurczewski  and  Evans  (1972).  The  most  important  of  these 
homologies  appear  to  be  transverse,  “larrine-like”  egg  placement  and 
the  habit  of  preying  upon  adult  Chrysomelidae.  Other  ethological 
similarities  between  E.  memorialis  and  B.  distinctus  include  nesting 
in  sand-cliffs  among  rootlets,  transporting  the  prey  in  flight,  storing 
an  equivalent  number  of  beetles  per  cell  (mean  5),  and  placing  the 
egg-bearing  prey  head-inward  and  venter-up  at  the  innermost  end 
of  the  cell. 

Several  differences  in  nesting  behavior  between  E.  memorialis  and 
B.  distinctus  are  noteworthy.  According  to  Kurczewski  and  Evans, 
B.  distinctus  apparently  constructs  short  branching  side  burrows 
from  pre-existing  galleries  made  by  other  insects,  resulting  in  a 
highly  variable  nest  structure.  E.  memorialis  builds  undulating, 
descending  burrows  with  cells  in  tandem  series  or  clusters  around 
the  distal  half  of  the  main  burrow.  Although  B.  distinctus  also 
apparently  holds  the  beetle  with  the  middle  legs  in  flight,  it  carries 
the  prey  dorsum-up  and  utilizes  its  mandibles  to  grasp  the  beetle’s 
antennae.  E.  memorialis  carries  the  prey  venter-up  but  does  not 
use  the  mandibles  in  transport.  Burrow  storage  of  prey,  a feature 
typical  of  many  crabronines,  has  been  observed  in  the  latter  species 
and  in  E.  brevis  but  not  in  B.  distinctus.  The  completed  cocoon 
of  Entomognathus  is  entirely  free  of  prey  remains,  whereas  that  of 


1972] 


Miller  & Kurczewski  — Entomognathus 


75 


B.  distinctus  contains  several  beetle  elytra  firmly  embedded  at  one 
end. 

The  mature  larvae  of  Entomognathus  and  Bothynostethus  have 
been  compared  by  Kurczewski  and  Evans  (1972).  They  noted  a 
pair  of  finger-like  lobes  on  the  prothorax,  fewer  head  setae,  and 
three-  rather  than  four-toothed  mandibles  in  B.  distinctus.  It  should 
also  be  noted  that  both  E.  memorialis  (Fig.  10)  and  E.  brevis  have 
in  addition  to  the  four  teeth  along  the  inner  margin  of  the  mandible 
a conspicuous  rounded  laminar  protuberance  ventrad  of  the  second 
and  third  teeth.  This  protuberance  is  lacking  in  B.  distinctus. 
The  maxilla  of  B.  distinctus  is  evenly  rounded  on  the  inner  margin, 
whereas  that  of  both  E.  memorialis  (Fig.  11)  and  E.  brevis  (Grandi, 
1927)  is  strongly  and  broadly  produced. 

The  structural  features  of  the  maxilla  and  mandible  of  Ento- 
mognathus tentatively  serve  to  distinguish  this  genus  from  all  other 
genera  of  Sphecidae  whose  larvae  have  been  described.  Our  con- 
fidence in  these  characters  has  been  strengthened  by  comparing 
recently-collected  mature  larvae  of  crabronines  in  the  genera  Lin- 
denius,  Crossocerus , and  Anacrabro  with  the  illustrations  and 
descriptions  of  species  in  these  genera  prepared  by  Evans  (1957, 

1959)- 

In  summary,  comparison  of  the  European  E.  ( Entomognathus ) 
brevis  with  the  North  American  E.  ( Toncahua ) memorialis  revealed 
few  significant  differences  in  nesting  behavior  and  substantiated 
congenerity.  Comparing  the  nesting  ethology  of  the  latter  crabronine 
with  the  larrine  Bothynostethus  distinctus  brought  to  light  some 
striking  similarities  and  rather  significant  differences. 

Differences  in  the  morphology  of  the  mature  larvae  of  species  of 
Entomognathus  are  even  more  subtle  than  differences  in  nesting 
behavior.  Comparison  of  E.  brevis , as  depicted  by  Grandi  (1927), 
with  E.  memorialis  disclosed  few,  if  any,  real  differences.  The 
larvae  of  Entomognathus  and  Bothynostethus  are,  likewise,  rather 
similar  and  support  Evans’  (1958,  1959,  1964)  belief  that  the 
sphecid  subfamilies  Crabroninae  and  Larrinae  are  much  more  closely 
related  than  is  currently  indicated  in  the  Hymenoptera  of  America 
North  of  Mexico  Synoptic  Catalog  (Muesebeck,  et  al.,  1951; 
Krombein,  1958;  Krombein  and  Burks,  1967). 

The  cocoon  of  Bothynostethus  is  more  crabronine  than  larrine 
and  that  of  Entomognathus , the  reverse,  based  upon  comparisons 
with  cocoons  of  Lyroda,  Elenoculus,  Tachytes,  and  Tachysphex  in 
the  Larrinae  and  Lindenius  and  certain  Crabro  in  the  Crabroninae. 
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THE  AFFINITIES  OF  EOMEROPE  AND 
DINOPANORPA  ( MECOPTERA)  * 

By  F.  M.  Carpenter 
Harvard  University 

The  two  fossil  Mecoptera  discussed  below  were  originally  de- 
scribed by  T.  D.  A.  Cockerell  many  years  ago.  One  of  them, 
Eomerope  tortriciformis , was  obtained  in  the  Oligocene  shales  at 
Florissant,  Colorado;  and  the  other,  Dinopanorpa  megarche , was 
collected  in  a Miocene  deposit  near  the  Amagu  River  in  eastern 
Siberia.  Study  of  the  type  specimens  for  the  present  paper  was  made 
possible  by  the  courtesy  of  the  authorities  of  the  Peabody  Museum 
at  Yale  University,  for  Eomerope , and  of  the  U.  S.  National 
Museum,  for  Dinopanorpa. 

Eomerope  was  assigned  by  Cockerell  (1909)  to  the  mecopterous 
family  Meropeidae,  which,  at  that  time,  was  a monotypic  family, 
represented  by  Merope  tuber  Newman,  a little-known  species 
infrequently  collected  in  the  eastern  part  of  the  United  States. 
However,  a second  species,  Austromerope  poultonif  from  Western 
Australia,  was  described  by  Killington  in  1933.  These  two  genera, 
although  having  obvious  differences  in  facies,  are  closely  related,  as 
indicated  by  the  similar  structure  of  the  male  genitalia.  In  his 
account  of  Eomerope , Cockerell  made  no  reference  to  another 
mecopteron,  Notiothauma  reedi  MacLachlan  (1877),  which  occurs 
in  part  of  Chile  and  which  is  the  only  known  representative  of  the 
family  Notiothaumidae.  In  all  probability,  Cockerell  was  not  aware 
of  this  insect,  since  its  existence  was  not  generally  made  known  until 
the  publication  of  Esben-Petersen’s  monograph  of  the  Mecoptera 
in  1921.  From  my  study  of  the  type  of  Eomerope  and  comparisons 
with  specimens  of  Menope  and  N otiothauma,  I am  convinced  that 
Eomerope  belongs  to  the  family  Notiothaumidae  instead  of  the 
Meropeidae.  The  reasons  for  this  conclusion  are  given  below,  follow- 
ing the  account  of  the  genus  and  species. 

Family  Notiothaumidae  Esben-Petersen 

Genus  Eomerope  Cockerell 
Eomerope  Cockerell,  1909,  p.  381 

Wing  venation  as  in  N otiothauma  but  with  fewer  cross  veins,  the 

^Partial  financial  support  of  this  research  is  acknowledged  to  the  National 
Science  Foundation  (Grant  no.  GB  27333,  F.  M.  Carpenter,  Harvard  Uni- 
versity, principal  investigator). 
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number  of  cellules  being  about  half  that  in  N otiothauma. 

Type  species:  Eomerope  tortriciformis  Cockerell. 

Eomerope  tortriciformis  Cockerell 
Figs,  i and  5 

Eomerope  tortriciformis  Cockerell,  1909,  p.  381 

Length  of  fore  wing,  14  mm.;  length  of  body,  13  mm.  The  wing 
expanse  of  the  insect  was  about  32  mm.,  some  10  mm.  less  than 
N.  reedi. 

Type:  No.  26176,  Peabody  Museum,  Yale  University;  collected 
at  Florissant,  Colorado,  in  1907. 

The  specimen  shows  the  whole  insect  (see  figure  5).  The  wings 
are  almost  symmetrically  arranged,  with  a pair  on  each  side  slightly 
overlapped;  the  veins  in  the  apical  and  posterior  regions  of  both 
pairs  are  not  discernible.  The  legs  are  long  and  unusually  spinose, 
as  in  N otiothauma.  The  specimen,  obviously  a male,  has  the  10th 
abdominal  segment  forming  a characteristic  genital  bulb,  comparable 
to  that  in  N otiothauma  (see  Crampton,  1931). 

The  preserved  part  of  the  venation  of  the  fore  wing  is  shown  in 
figure  1.  At  the  base  of  the  wing  is  a cluster  of  heavy  setae,  as  in 
N otiothauma.  The  costal  area  is  abruptly  narrowed  basally.  Sc  is 
a distinct  vein,  as  in  N otiothauma,  with  a series  of  irregular  veinlets 
arising  anteriorly  from  its  basal  branch.  Ri  arises  from  Rs,  as  in 
N otiothauma , by  diverging  anteriorly,  Rs  continuing  the  straight 
line  of  R ; only  a few  of  the  basal  branches  of  Rs  are  preserved ; 
1 A and  2 A are  represented  only  by  their  curved  basal  portions  that 
strongly  resemble  the  curved  bases  of  N otiothauma.  The  venation 
of  the  anterior-basal  part  of  the  hind  wing  is  like  that  of  the  fore 
wing. 

The  similiarity  of  the  venation  of  Eomerope  to  that  of  IS! otio- 
thauma is  at  once  obvious  by  comparing  figure  1 with  figure  2,  which 
shows  the  basal  part  of  the  wing  of  N otiothauma.  The  venational 
pattern  is  essentially  the  same,  the  only  notable  difference  being  the 
smaller  number  of  cross  veins  and  cellules  in  Eomerope.  The  differ- 

Figure  1.  Eomerope  tortriciformis  Cockerell;  drawing  of  preserved  part 
of  fore  wing,  based  on  holotype  (original). 

Figure  2.  N otiothauma  reedi  MacLachlan;  drawing  of  proximal  part 
of  fore  wing  (after  Crampton,  1930). 

Figure  3.  Merope  tuber  Newman;  drawing  of  proximal  part  of  fore 
wing  (original). 

Figure  4.  Austromcrope  poultoni  Killington;  drawing  of  proximal  part 
of  fore  wing  (after  Killington,  1933). 


82 


Psyche 


[March-June 


Figure  5.  Eomerope  tortriciformis  Cockerell;  photograph  of  holotype; 
length  of  fore  wing,  14  mm. 
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ences  between  Eomerope  and  the  two  genera  of  Meropeidae  are 
readily  apparent  by  considering  figures  3 ( Merope ) and  4 ( Austro - 
merope) . In  Merope  the  costal  area  is  relatively  narrow  and  lacks 
cellules;  Rs  diverges  posteriorly  from  Ri.  In  Austromerope  the 
costal  area  is  also  narrow,  though  there  are  a few  cellules;  Ri,  not 
Rs,  continues  the  straight  line  of  R,  Rs  diverging  posteriorly  from 
Ri  ; and  the  anal  veins  do  not  have  distinctly  curved  bases. 

From  the  evidence  of  the  wing  venation,  it  is  clear  that  Eomerope 
is  more  closely  related  to  Notiotkauma  than  to  the  Meropeidae,  but 
stronger  evidence  is  furnished  by  the  structure  of  the  abdomen  in 
the  male.  In  the  Meropeidae  the  males  lack  the  genital  bulb  charac- 
teristic of  most  Mecoptera  but  possess  a pair  of  long  claspers,  which 
extend  far  beyond  the  end  of  the  abdomen,  especially  in  Austromerope. 
In  Eomerope,  the  abdomen  has  the  small  bulb  like  that  of  Notio- 
thauma,  with  very  short  forceps  that  do  not  extend  beyond  the 
abdomen. 

Family  Dinopanorpidae,  new  family 

Large  Mecoptera,  related  to  the  Orthophlebiidae  and  Panorpidae. 
Hind  wing:  several  strong  cross  veins  between  Sc  and  costal  margin; 
Ri  extending  almost  to  wing  apex,  curving  posteriorly  near  its  termi- 
nation ; Rs  with  at  least  8 terminal  branches,  all  directed  posteriorly 
near  the  wing  margin;  M with  at  least  5 branches;  stem  of  Cu 
free  at  base;  'CuA  coalesced  with  M for  a short  distance  basally 
and  CuP  coalesced  with  iA;  first  basal  cross  vein  ( m-cu ) between 
CuA  and  MP  very  long  and  oblique;  cross  veins  more  numerous 
than  in  Panorpidae  and  Orthophlebiidae.  Fore  wing  and  body 
unknown. 

Genus  Dinopanorpa  Cockerell 
Dinopanorpa  Cockerell,  1924,  p.  2 

Hind  wing:  costal  space  relatively  broad  (for  a.  hind  wing), 
with  5 strong  veinlets  to  margin;  stem  of  Cu  somewhat  closer  to 
iA  than  to  M. 

Type  species:  Dinopanorpa  megarche  Cockerell. 

Dinopanorpa  megarche  Cockerell 
Figs.  6 and  9 

Dinopanorpa  megarche  Cockerell,  1924,  p.  2 

Length  of  hind  wing,  30  mm.;  maximum  width,  10  mm.;  esti- 
mated wing  expanse,  65  mm.  Other  specific  characteristics  are  diffi- 
cult to  designate,  in  the  absence  of  the  fore  wing  and  body;  however, 
the  number  and  arrangement  of  cross  veins  would  almost  certainly 
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Figure  6.  Dinopanorpa  megarche  Cockerell ; drawing  of  hind  wing, 
based  on  holotype  (original). 

Figure  7.  Panorpa  nehulosa  Westwood;  drawing  of  hind  wing  (ori- 
ginal). 

Figure  8.  Orthophlehia  liassica  Mantell ; drawing  of  hind  wing  (after 
Tillyard,  1933). 
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Figure  9.  Dinopanorpa  megarche  Cockerell;  photograph  of  holotype ; length  of  hind  wing,  30  mm.  (original). 
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be  in  this  category.  Details  of  the  venation  are  shown  in  figure  6. 
As  preserved,  the  wing  is  dark  brown,  with  several  white  spots  and 
bands  (figure  9),  as  frequently  seen  in  existing  panorpids. 

Type:  No.  69173,  U.  S.  National  Museum;  collected  by  A. 
Kuznetzov,  “on  the  Amagu  River,  Maritime  Province,  coast  of 
Siberia,  opposite  the  southern  end  of  Sakhalin  Island.”  Rohdendorf 
(1957)  records  the  locality  as  in  the  Lower  Amursk  Region  of  the 
USSR,  on  the  bank  of  the  Kudya  River,  a tributary  of  the  Amagu 
River,  and  indicates  its  age  as  Lower  Miocene.  Cockerell  states 
(1924)  that  the  flora  of  the  deposit,  including  such  genera  as  Ginko , 
Cornus,  Taxodium,  and  Quercus , indicates  a warm-temperate  climate. 

The  type  specimen  consists  of  a very  well-preserved  hind  wing, 
lacking  only  a part  of  the  apical-posterior  region  (figure  9). 

Cockerell  placed  Dinopanorpa  in  the  family  Panorpidae,  Tillyard 
(1933,  P-  26)  transferred  it  to  the  extinct  family  Orthophlebiidae 
(otherwise  known  only  from  the  Triassic  and  Jurassic  periods)  and 
Martynova  (1962,  p.  291)  considered  it  a synonym  of  Orthophlebia 
in  the  same  family.  Actually,  as  noted  by  Cockerell,  Dinopanorpa 
presents,  in  the  hind  wing,  a remarkable  combination  of  characters. 
The  presence  of  5 strong  veinlets  between  Sc  and  the  costal  margin 
is  a feature  that  does  not  occur  in  the  Orthophlebiidae  or  Panorpidae, 
although  it  is  seen  in  some  of  the  Permian  and  Triassic  genera  of 
other  families.  The  form  of  Ri,  extending  nearly  to  the  wing  apex 
and  directed  posteriorly  in  the  apical  region,  is  unique  in  the  known 
Mecoptera,  extinct  and  Recent,  as  noted  by  Cockerell ; in  other 
members  of  the  order,  Ri  is  much  shorter  and  is  curved  anteriorly 
at  its  termination.  Cross  veins  are  at  least  twice  as  numerous  in 
Diwopanorpa  as  in  the  Panorpidae  and  Orthophlebiidae.  Another 
peculiar  feature,  also  noted  by  Cockerell,  is  the  long  and  oblique 
m-cu  cross  vein  (figure  6),  although  it  could  be  an  abnormality  in 
this  particular  wing.  In  contrast,  the  structure  of  Cu,  including  its 
stem,  the  nature  of  its  branching  and  the  coalescence  of  CuA  and 
CuP  (with  M and  iA  respectively),  is  virtually  identical  with  that 
in  the  Panorpidae  (figure  7)  but,  incidentally,  quite  unlike  that 
of  Orthophlebia  (figure  8).  The  extensive  branching  of  Rs,  with 
at  least  8 terminal  branches,  is  totally  unlike  the  condition  in  the 
Panorpidae,  with  5 branches  to  Rs.  Dinopanorpa  also  has  a 5- 
branched  M,  although  that  vein  is  rarely  more  than  4-branched  in 
Panorpidae. 

In  view  of  the  differences  and  peculiarities  noted  above,  assignment 
of  Dinopanorpa  to  either  Orthophlebiidae  or  Panorpidae  seems  un- 
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justified.  The  position  of  the  Dinopanorpidae  in  the  mecopteran 
phylogeny  will  remain  obscure  until  the  fore  wing  and  body  struc- 
tures are  known.  However,  it  can  hardly  be  considered  intermediate 
between  the  Panorpidae  and  Orthophlebiidae  because  of  the  peculiar 
form  of  Ri  and  Rs  and  the  presence  of  costal  veinlets.  More  likely, 
it  is  a specialized  derivative  of  some  early  Mesozoic  stock,  close  to  the 
Orthophlebiidae. 
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NESTING  BEHAVIOR  AND  DESCRIPTION  OF  THE 
LARVA  OF  BOTHYNOSTETHUS  DISTINCTUS  FOX 
(HYMENOPTERA:  SPHECIDAE) 

By  Frank  E.  Kurczewski1  and  Howard  E.  Evans2 

Bothy nostethus  is  a predominantly  neotropical  genus  having  a 
single  described  species,  distinctus  Fox,  in  America  north  of  Mexico. 
The  genus  has  been  little  studied,  and  its  placement  in  the  sphecid 
classification  has  been  the  subject  of  some  dispute.  Kohl  (1896)  and 
Handlirsch  (1925)  put  Bothynostethus  in  the  Nyssoninae  and  related 
it  to  Alysson.  In  the  Synoptic  Catalog  of  Hymenoptera  of  America 
North  of  Mexico,  Krombein  (1951)  placed  it  in  the  tribe  Misco- 
phini  of  the  subfamily  Larrinae.  More  recently,  Menke  (1968) 
grouped  Bothynostethus Scapheutes,  W illinkiella,  and  Bohartella  in 
the  tribe  Bothynostethini  of  the  subfamily  Larrinae.  However,  Evans 
(1964)  has  questioned,  on  the  basis  of  larval  structure,  whether 
the  Larrinae  and  Crabroninae  deserve  the  status  of  separate  sub- 
families, and  he  has  cited  Bothynostethus  as  a genus  in  which  the 
adults  resemble  certain  Crabroninae.  Despite  Menke’s  (1968)  in- 
clusion of  the  Bothynostethini  in  the  Larrinae,  he  informs  us 
(correspondence)  that  Bothynostethus  is  not  a “typical”  member 
of  the  subfamily,  and  that  “it  would  not  be  difficult  to  derive  a 
crabronid  from  a Bothy  nostethusAAke.  ancestor”. 

It  is  clearly  of  interest  to  discover  what  light  a study  of  nesting 
behavior  and  larval  structure  may  shed  on  these  problems.  Cazier 
and  Mortenson  (1965)  found  B.  distinctus  nesting  in  the  ground 
and  preying  upon  a chrysomelid  beetle,  but  otherwise  the  genus  has 
not  been  studied  in  the  field.  Recently  we  discovered  a small  aggrega- 
tion of  B.  distinctus  nesting  near  Albany,  N.  Y.,  and  a single  indi- 
vidual nesting  in  Bedford,  Mass.,  and  we  are  able  to  present 
considerable  new  information  on  nesting  behavior  as  well  as  a 
description  of  the  mature  larva.  Our  studies  represent  the  first 
records  of  the  species  from  those  two  states,  as  it  has  not  previously 
been  reported  from  north  of  New  Jersey.  In  the  Discussion  we 
reconsider  the  proper  phylogenetic  placement  of  Bothynostethus. 
The  specimens  from  our  studies  bear  our  note  numbers  and  have 
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2Museum  of  Comparative  Zoology,  Harvard  University,  Cambridge, 
Massachusetts  02138. 
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Fig.  1.  Nesting-site  of  Bothynostethus  distinctus — a mound  of  sand 
in  a sandpit  near  Colonie,  Albany  Co.,  N.  Y. 

Fig.  2.  Entrance  (center)  to  nest  of  Bothynostethus  distinctus.  Note 
surrounding  rootlets  and  grass  blades. 
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been  deposited  in  the  Museum  of  Comparative  Zoology,  Cambridge, 
Mass.,  and  the  SUNY  College  of  Forestry,  Syracuse,  N.  Y. 

Nesting  Behavior 

Ecology.  Our  observations  on  B.  distinctus  were  made  at  two 
widely-separated  localities.  The  first  site,  a small  mound  of  sand 
overgrown  with  sparse  grasses  and  other  plants  (Fig.  i),  occupied 
a portion  of  a man-made  sand  pit  near  Colonie,  Albany  County, 
New  York.  The  entrances  to  three  nests  were  located  in  the  vertical 
sides  of  the  mound,  just  beneath  the  overhang  (Fig.  2),  and  were 
situated  so  that  they  did  not  receive  direct  rainfall  or  sunlight.  A 
fourth  female  was  captured  on  a sand  cliff  several  meters  away 
but  her  nest  was  not  discovered.  The  second  area,  in  Bedford, 
Middlesex  County,  Massachusetts,  comprised  a sand-bank  with  a 
slope  of  about  45 °.  One  nest  entrance  was  located  in  the  side  of 
the  bank,  near  a projecting  stone.  At  both  sites  the  entrances  were 
left  open  by  the  wasps  during  the  periods  of  observation,  although 
the  burrows  could  have  been  closed  farther  inside. 

At  Colonie  we  observed  females  provisioning  nests  between  July  7 
and  16,  1970,  whereas  at  Bedford  one  of  us  (HEE)  noted  a female 
nesting  on  Sept.  22,  1971.  These  collective  dates  of  observation 
suggest  that  B.  distinctus  may  have  two  generations  per  year  in  the 
Northeast,  although  the  possibility  of  a single  generation  with  stag- 
gered emergence  should  not  be  overlooked. 

Cazier  and  Mortenson  (1965)  found  B.  distinctus  nesting  in 
“bare  . . . sandy  soil”  near  Portal,  Arizona.  One  nest  was  located 
inside  a vertical  rodent  burrow,  the  entrance  being  situated  5 cm 
below  ground  level  on  the  “east  wall.” 

Burrow  construction.  B.  distinctus  females  apparently  do  not 
begin  their  burrows  from  the  sand  surface  but  utilize  appropriate- 
sized nests  of  other  insects,  possibly  those  of  solitary  wasps,  bees,  or 
tiger-beetles.  These  burrows  are  renovated  and  modified  accordingly. 
One  wasp  at  Colonie  was  observed  searching  for  a.  nest-site  along  the 
vertical  portion  of  the  sand  mound  underneath  the  overhang.  She 
flew  slowly  and  non-randomly,  entering  a variety  of  open  burrows 
of  small  diameter.  She  would  often  exit  several  seconds  after  enter- 
ing and  resume  her  searching.  In  flight,  her  behavior  resembled 
that  of  a Mimesa  or  small  Trypoxylon,  both  of  which  search  for 
pre-existing  burrows  in  a similar  manner.  After  repeatedly  entering 
and  leaving  a burrow  of  small  diameter  behind  a spider  web,  she 
stayed  inside  for  several  minutes.  She  was  later  dug  out  of  this 
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burrow  and  collected,  facing  head  outward,  6 cm  from  the  entrance. 
The  “weak  tarsal  rake”  of  the  foreleg  of  the  female  (Menke,  1968) 
and  the  variation  in  the  burrow  configurations  and  the  positions  of 
the  cells  suggest  that  females  of  this  species  use  pre-existing  burrows 
for  the  initial  portions  of  their  nests. 

Prey  transport,  entry , and  exit.  Two  females  (Note  nos.  H23, 
H23K)  were  observed  taking  a total  of  14  prey  into  their  nests 
during  a 3-hour  period.  One  wasp  (H23)  spent  from  5 to  30 
(mean  12.5)  minutes  between  provisions;  the  other  (H23K)  took 
longer  ( 12-40  minutes ; mean  23 ) . In  every  case  the  beetle  was  carried 
in  flight,  dorsal-side-upward  and  head-forward.  The  female  grasped 
the  beetle’s  antennae  with  the  mandibles,  and  held  its  body  with 
the  legs.  During  one  entry  in  which  the  entrance  had  been  some- 
what disturbed,  the  provisioning  wasp,  upon  landing,  was  attacked 
twice  by  a female  satellite-fly  of  the  genus  Senotainia  (Sarco- 
phagidae:  Miltogramminae) . She  did  not  release  the  prey  but 

entered  in  the  usual  manner. 

Because  of  the  concealed  situation  of  the  nest  entrances,  which 
were  often  behind  overhanging  plants  and  rootlets,  the  females  were 
prevented  from  entering  directly.  One  female  (H23)  invariably 
landed  outside  on  the  cliff-face  before  diving  in,  and  the  other 
(H23K),  whose  entrance  was  even  more  concealed  (see  Fig.  2), 
always  landed  on  a plant  to  the  left  of  the  entrance  and  ran  down- 
ward for  a few  centimeters  before  entering.  The  first  wasp 
remained  inside  her  nest,  on  the  average,  i1/^  minutes  before  exiting 
to  search  for  the  next  prey;  the  second  wasp  usually  stayed  inside 
1V2-2  minutes  before  appearing  in  the  entrance.  These  relatively 
long  periods  of  time  were  undoubtedly  related  to  the  considerable 
distances  inside  the  nests  to  which  the  females  had  to  proceed  with 
the  prey.  The  first  female,  apparently  disturbed  by  our  observations, 
made  a 5-second  orientation  flight  after  taking  the  first  prey  inside, 
followed  by  a 1 -2-second  orientation  flight  after  the  second  prey, 
but  thereafter  she  did  not  orient.  The  second  female,  also  seemingly 
disturbed  by  our  presence,  made  a 1 -2-second  orientation  flight  after 
the  initial  prey  was  taken  in  but  did  not  orient  thereafter. 

Cazier  and  Mortenson  (1965)  were  unable  to  obtain  informa- 
tion on  the  manner  of  prey  transport  of  the  female  of  B.  distinctus 
they  observed  in  Arizona.  They  described  one  activity  which  may 
have  been  the  female’s  orientation  flight.  The  wasp  they  observed 
was  much  more  active  than  the  ones  we  studied,  spending  from  only 
35  seconds  to  6 minutes  in  the  field  between  prey.  After  entering 
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the  nest,  this  female  stayed  inside  30-180  seconds  before  exiting  to 
search  for  additional  prey.  Although  not  specifically  stated,  her  pro- 
visioning activities  clearly  increased  in  intensity  from  late  morning 
to  late  afternoon. 

Nest  structure  and  dimensions.  We  excavated  two  nests  of  B. 
distinctus  at  the  Colonie,  N.  Y.,  site  and  one  of  us  (HEE)  dug  a 
nest  of  this  species  at  Bedford,  Mass.  The  two  nests  at  Colonie 
were  rather  complicated  in  configuration,  containing  a number  of 
branching  and  curving  side  burrows  leading  from  a main  tunnel. 
Because  of  the  complexity  of  these  nests,  including  much  variation 
in  the  position  and  distance  of  the  rearing  cells  from  the  entrance, 
we  suspect  that  the  wasps  were  utilizing,  in  part,  the  abandoned 
burrows  of  solitary  bees  and  constructing  short  side  burrows  and 
cells  therefrom.  One  nest  (H23),  still  being  provisioned  when 
excavated,  contained  7 cells  at  distances  of  from  32  to  45  cm  from 
the  entrance  (Fig.  4).  The  cells  were  built  in  at  least  two  distinct 
clusters,  cells  A and  B in  one  cluster  containing  larvae,  and  cells 
C-F  in  another  with  eggs,  plus  an  additional  isolated  cell  (G).  Only 
2-6  cm  separated  the  cells  within  a cluster,  and  the  closest  cells  in 
different  clusters  were  7-15  cm  apart.  The  cells  belonging  to  a 
cluster  were  oriented  in  one  general  direction  and  could  have  been 
made  at  the  ends  of  short,  branching  side  burrows  leading  from  a 
single  tunnel.  None  of  the  side  burrows  could  be  traced  as  they 
were  filled  with  damp  sand.  A short  main  tunnel  and  three  proximal 
side  burrows  which  ended  blindly  were  open  and  could  be  followed. 
The  female  was  found  in  one  of  the  side  burrows,  evidently  extend- 
ing this  burrow  in  a different  direction  after  having  sealed  off  the 
last  cell.  She  had  been  inside  the  nest  for  1 1 minutes  after  entering 
with  the  last  prey  and  before  we  began  our  excavation. 

The  second  nest  at  Colonie  (H23K),  although  more  complex  in 
structure  than  the  first,  was  more  compact,  i.  e.,  the  cells  were 
closer  together  and  nearer  the  entrance  (Figs.  3a,  b).  This  nest 
contained  a total  of  8 cells  and,  likewise,  was  still  being  provisioned 
when  excavated.  Although  the  cells  were  oriented  in  different  direc- 
tions from  one  another,  they  appeared  to  be  constructed  in  three 
distinct  clusters  containing  two  different  stages  of  wasps.  Cell  A, 
holding  a cocoon,  was  separated  only  9 cm  from  the  entrance.  Cells 
B-F,  also  containing  cocoons,  were  situated  only  1-7  cm  apart  at 
distances  of  from  16  to  22  cm  from  the  entrance.  The  two  most 
recent  cells  (G,  H),  containing  larvae,  were  unearthed  9-10  cm 
from  the  entrance  on  the  other  side  of  the  burrow  from  cell  A.  As 
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Figs.  3a,  b.  Side  and  top  views  of  nest  no.  H23K  (Colonie,  N.  Y. ; 
16  July  1970).  Fig.  4.  Top  view  of  nest  no.  H23  (same  locality;  7 July 
1970).  Fig.  5.  Side  view  of  nest  no.  2306  (Bedford,  Mass.;  23  Sept.  1971). 
Traceable  burrows  are  indicated  by  solid  lines,  untraceable  ones  by  dotted 
lines.  Cells  in  Figs.  3b,  4 are  lettered  in  apparent  chronological  order, 
according  to  contents.  Cell  contents  are  as  follows:  e,  egg;  1,  larva; 
c,  cocoon;  x,  contents  destroyed.  $ shown  where  captured  in  burrow. 
Scale  below  Fig.  3a  refers  to  all  figs. 
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in  the  first  nest  (H23),  the  cells  in  this  nest  appeared  to  be  built 
not  in  series  but  from  short,  branching  side  burrows  leading  from 
a single  tunnel. 

The  nest  at  Bedford,  Mass.  (no.  2306),  was  evidently  in  an 
early  stage  of  development  when  excavated.  The  entrance,  4 mm 
in  diameter,  led  to  several  subterranean  cavities  of  which  one  con- 
tained a cicindelid  larva.  Upon  further  digging,  a single  cell 
containing  prey  and  a 3-mm-long  larva  was  unearthed  at  a distance 
of  15  cm  from  the  entrance  (Fig.  5).  The  female  was  captured 
in  another  branch  of  the  nest,  15  cm  from  the  entrance. 

At  Colonie,  the  depths  of  the  seven  cells  in  the  first  nest  (H23) 
ranged  from  22  to  44  (mean  32)  cm  beneath  the  surface,  whereas 
those  of  the  eight  cells  in  the  second  nest  (H23K)  ranged  from  21 
to  24  (mean  22.5)  cm.  The  relative  uniformity  in  the  latter  set  of 
figures  is  related  to  the  fact  that  the  nest  was  compact  and  the  cells 
were  constructed  close  to  the  edge  of  the  mound,  whereas  in  the 
first  nest  the  cells  were  distributed  from  the  edge  of  the  mound  to 
the  top.  There  was  no  correlation  between  the  depth  of  the  cell 
or  its  distance  from  the  entrance  and  the  stage  of  the  developing 
wasp.  For  example,  in  nest  H23  the  shallower  cells  nearer  the 
entrance  contained  larvae  and  the  deeper  cells  farther  from  the 
entrance  held  eggs.  In  nest  H23K,  on  the  other  hand,  the  shallower 
cells  nearer  the  entrance  contained  small  larvae  but  the  deeper  cells 
farther  from  the  entrance,  mature  larvae  inside  cocoons.  The  ovoidal 
cells  were  oriented  either  horizontally  or  sloped  upward  or  down- 
ward in  the  soil  at  a 15-250  angle.  Five  such  cells  at  Colonie 
averaged  6 (4-8)  X 11  (10-12)  mm.  One  cell  at  Bedford  was 
5-mm-wide. 

One  of  the  females  (H23K)  had  been  observed  taking  in  prey 
nine  days  before  we  excavated  her  nest,  indicating  that  she  took  an 
average  of  more  than  one  day  to  complete  a single  cell.  This  may 
have  been  due  to  poor  weather  conditions.  However,  even  during 
optimal  weather  conditions,  our  data  on  the  provisioning  times  sug- 
gest that  a female  constructs  and  completes  not  more  than  two  cells 
per  day.  Such  a wasp  probably  remains  with  the  same  nest  for 
several  weeks,  enlarging  it  and  continuously  adding  new  cells.  Thus, 
a female  of  B.  distinctus  might  renovate  and  use  only  one  or  a few 
nests  during  her  lifetime  in  the  northeastern  United  States.  Cazier 
and  Mortenson  (1965)  noted  that  the  female  they  observed  in 
Arizona  interrupted  her  rather  continuous  provisioning  activities  a 
total  of  four  times  in  one  day  and  spent  exceedingly  long  periods  each 
time  inside  the  burrow,  probably  in  ovipositing  and  filling  the  burrow 
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leading  to  the  old  cell  and  in  constructing  a side  burrow  and  new 
cell.  If  such  is  the  case,  this  wasp  completed  four  cells  in  a single 
day  and  probably  would  not  have  remained  with  a nest  for  more 
than  several  days  under  optimal  weather  conditions. 

Provisions.  Females  of  B.  distinctus  preyed  exclusively  upon  adult 
beetles  of  the  family  Chrysomelidae,  subfamily  Galerucinae.  At 
Colonie,  prey  taken  from  cells  of  the  first  nest  (H23)  included  29 
specimens  of  Pyrrhalta  decora  (Say)  and  3 of  P.  perplexa  Fall. 
Both  species  occur  on  willow.  Several  cells  in  this  nest  contained 
only  P.  decora.  Prey  of  the  second  nest  (H23K)  comprised  4 
P.  spiraeae  Fall  (host:  Spiraea ),  1 P.  perplexa,  and  1 P.  cavicollis 
(Leconte)  (host:  Prunus).  The  four  prey  collected  from  the  nest 
at  Bedford  proved  to  be  Ophraeila  notata  (Fabr.)  (host:  Eupa- 
torium  perfoliatum) . Cazier  and  Mortenson  (1965)  captured  a 
female  of  B.  distinctus  in  Arizona  with  her  prey,  Monoxia  sp. 
(Chrysomelidae:  Galerucinae).  Except  for  those  beetles  which  had 
been  devoured  by  the  wasp  larvae,  prey  collected  from  all  three 
nests  at  both  Colonie  and  Bedford  were  alive  as  indicated  by  the 
movements  of  the  legs  and  abdominal  segments. 

Fully-provisioned  cells  of  B.  distinctus  contained  from  4 to  9 
beetles.  Seven  cells  in  nest  H23  held  4-9  (mean  5)  beetles  per  cell, 
and  eight  cells  in  nest  H23K  contained  4-6  (mean  5)  prey  per  cell. 
The  single  cell  excavated  at  Bedford  had  4 beetles.  The  prey  indi- 
viduals weighed  from  7 to  16  (mean  11.4)  and  from  12  to  15 
(mean  13.6)  mg,  respectively,  in  nests  H23  and  H23K  (32,  7 beetles). 
A number  of  beetles  from  the  second  nest  were  damaged  during 
excavation  and  were  not  weighed.  The  two  wasps  associated  with 
these  nests  each  weighed  10  mg,  or  slightly  less  than  an  average- 
sized beetle.  The  total  weight  of  prey  per  cell  in  these  nests  ranged 
from  44  to  68  (mean  55.8)  mg  in  four  of  the  cells. 

The  beetles  were  placed  in  the  cells  in  a variety  of  positions.  In 
cells  with  few  prey  (4  or  5/cell),  the  individuals  were  mostly  head- 
inward  but  either  dorsal-side-up,  ventral-side-up,  or  on  the  side. 
Some  beetles  were  even  placed  perpendicular  to  the  long  axis  of  the 
cell.  The  fact  that  most  individuals  were  head-inward  is  linked  to 
the  manner  of  the  female’s  transport  of  the  beetle,  i.  e.,  head-forward. 

Egg.  The  female  of  B.  distinctus  did  not  lay  her  egg  until  the 
full  complement  of  prey  had  been  put  in  the  cell.  In  most  cells 
the  egg-bearing  beetle  was  one  of  the  innermost  prey  and  was 
positioned  ventral-side-upward  and  head-inward.  In  one  nest  (H23), 
four  such  beetles  weighed  11-16  (mean  13.3)  mg,  or  were  slightly 
larger  than  the  average-sized  prey. 
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Fig.  6.  Egg  of  Bothynostcthus  distinctus  attached  in  typical  position 
between  pro-  and  midlegs  of  Pyrrhalta  sp. 

The  whitish,  elongate,  curved  egg,  1.5  X 0.4  mm,  was  attached 
by  its  cephalic  end  to  the  ventro-lateral  portion  of  the  thorax  between 
a fore-  and  midleg  (Fig.  6).  The  exact  sternite,  suture,  or  membrane 
to  which  it  was  attached  could  not  be  discerned.  Although  the  caudal 
end  of  the  egg  extended  slightly  obliquely  backward  and  was  raised 
free  above  the  opposite  midleg,  the  position  of  the  egg  with  respect 
to  the  long  axis  of  the  beetle’s  body  was  almost  transverse.  Eggs 
were  attached  to  the  left  or  right  sides  of  the  prey  in  about  equal 
numbers.  The  larva  began  feeding  at  the  site  of  the  egg  attachment. 
One  larva,  2-mm-long,  was  noted  feeding  between  the  beetle’s  fore- 
and  midcoxa,  and  another,  3-mm-long,  was  attached  near  the 
juncture  of  the  pro-  and  mesosternum. 
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Fig.  7.  Cocoon  of  Bothynostethus  distinctus  with  beetle  elytra  attached 
to  proximal  end.  (Photo  by  D.  J.  Peckham). 


Cocoon.  The  cocoon  of  this  species  is  oval-elongate  in  shape  and 
dark  brown  in  color.  The  walls  consist  of  silk  and  possibly  other 
oral  secretions,  with  various-sized  sand  grains  embedded  externally 
(Fig.  7).  Several  beetle  elytra  were  attached  to  the  proximal  end, 
i.  e.,  the  end  nearest  the  entrance  to  the  cell.  The  cocoon  in  Fig.  7 
measured  9.5  mm  long. 

Description  of  the  Mature  Larva 

Our  description  of  the  mature  larva  of  Bothynostethus  distinctus 
is  based  on  two  specimens  taken  from  freshly  made  cocoons.  These 
larvae  had  not  yet  passed  their  meconia,  and,  aside  from  the  more 
compact  body  shape,  they  showed  no  obvious  wear  or  other  structural 
modifications. 

Body  (Fig.  9).  Length  7.5  mm;  maximum  width  2.8  mm. 
Robust,  slightly  curved ; pleural  lobes  very  prominent,  especially 
on  thorax;  prothorax  with  a pair  of  additional  finger-like  lobes  that 
extend  forward  laterad  of  head ; apical  abdominal  segment  rounded, 
anus  distinctly  ventral  and  pre-apical.  Spiracles  (Fig.  15)  small, 
lightly  pigmented;  atrial  walls  lined  with  weak,  irregular  polygons, 
opening  into  subatrium  simple,  unarmed.  Integument  densely 
spinulose  on  thoracic  venter,  but  dorsum  barely  so;  thoracic  seg- 
ments each  with  a transverse  dorsal  row  of  10  to  12  setae  (up  to 
30  [a  long)  ; pleural  lobes  and  accessory  pro  thoracic  lobes  smooth, 
but  each  terminating  in  2 or  3 short  setae. 

Head  (Fig.  8).  Width  .86  mm;  height,  excluding  labrum,  .80 
mm ; largely  unpigmented  except  mandibles ; front  longitudinally 
depressed  just  mesad  of  each  antennal  orbit;  coronal  suture  and 
parietal  bands  barely  evident.  Antennal  orbits  of  moderate  size, 
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Figs.  8-15.  Mature  larva  of  Bothynostethus  distinctus  Fox.  8.  Head  in 
frontal  view.  9.  Body  in  side  view.  10.  Labrum  (left)  and  epipharynx 
(right).  11.  Mandible  in  side  view.  12.  Mandible  in  dorsal  view.  13. 
Dorsal  view  of  maxilla.  14.  Dorsal  view  of  prementum  of  labium.  15. 
Thoracic  spiracle. 
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each  bearing  three  minute  sensilla.  Head  setae  sparse  and  short,  the 
longest  40  fi;  clypeus  with  few  setae. 

M'outhparts.  Labrum  (Fig.  10)  truncate  apically,  bearing  8 
setae  across  disc  and  16  across  apical  margin,  the  margin  with  some 
minute,  inconspicuous  sensilla  and  rather  weakly  bristly;  epipharynx 
strongly  spinulose  medially,  with  smaller  and  sparser  spinules  later- 
ally; epipharyngeal  sensory  areas  each  with  four  sensilla.  Mandibles 
(Figs.  11,  12)  slightly  more  than  twice  as  long  as  their  basal  width, 
with  three  teeth  on  inner  margin  in  nearly  same  plane;  base  with 
a single  seta;  upper  surface  roughened  in  area  of  teeth.  Maxilla 
(Fig.  13)  protruding,  rounded,  without  an  evident  lobe  on  inner 
margin,  densely  spinulose  along  mesal  margin;  palpus  about  80  ji 
long,  galea  more  slender,  slightly  more  than  half  as  long  as  palpus. 
Hypopharynx  very  densely  spinulose.  Labium  (Fig.  14)  with  pre- 
mentum  densely  and  extensively  spinulose;  palpi  about  60  /i  long, 
slightly  curved,  much  exceeded  by  spinnerets. 

Comments  on  larval  characters.  In  the  artificial  key  to  genera 
of  Sphecidae  presented  by  Evans  (1959,  p.  1 6 1 ) , the  larva  of 
Bothynostethus  runs  to  Entomognathus , a genus  reconsidered  in  the 
paper  that  follows  (Miller  and  Kurczewski,  1972).  In  the  table 
of  subfamily  characters  (ibid,  p.  168)  it  runs  to  the  couplet  sepa- 
rating the  Larrinae  and  Crabroninae,  agreeing  with  the  Crabroninae 
except  in  having  accessory  finger-like  lobes  on  the  prothorax  as  in 
many  Larrinae.  Distinctly  crabronine  features  of  Bothynostethus 
larvae  are  as  follows:  spiracular  atrium  weakly  sculptured  and 

opening  into  subatrium  unarmed;  mandibles  slender  and  with  teeth 
in  about  the  same  plane;  mesal  margin  of  maxilla  not  lobed.  Very 
similar  3-toothed  mandibles  occur  in  Lindenius  pygmaeus  (Rossi) 
(Grandi,  1928)  and  similar  but  4-toothed  mandibles  are  found  in 
L.  tylotis  Court  and  R.  Bohart  and  in  other  crabronine  genera  such 
as  Crossocerus  and  Entomognathus  (Evans,  1959).  In  most  Cra- 
broninae the  spinules  on  the  labium  occur  in  two  separate  patches, 
but  Bothynostethus  is  like  Entomognathus  in  having  the  entire  oral 
surface  clothed  with  spinules.  In  several  other  features  the  larvae 
of  these  two  genera  are  very  similar:  body  setae  and  spinules  are 
similar  in  size  and  distribution;  the  labrum  is  similarly  shaped  and 
with  a similar  distribution  of  setae  and  spinules;  the  form  of  the 
palpi,  galeae,  and  spinnerets  is  virtually  the  same;  and  the  spinules 
on  the  hypopharynx,  maxillae,  and  labium  are  similarly  dense  and 
abundant.  Entomognathus  has  no  lobes  on  the  prothorax,  more  head 
setae,  and,  as  mentioned  above,  four-toothed  mandibles.  [This  com- 
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parison  is  based  on  Grandi’s  (1927)  description  of  the  larva  of 
E.  brevis  Lind,  and  on  Miller  and  Kurczewski’s  (1972)  descrip- 
tion of  the  larva  of  E.  memorialis  Banks]. 

Discussion 

Considering  the  resemblances  between  the  larvae  of  Bothy nostethus 
and  Entomognathus  and  the  proposition  that  the  Larrinae  and 
Crabroninae  may  not  deserve  status  as  separate  subfamilies  (Evans, 
1964),  it  seems  worthwhile  to  compare  the  ecologies,  nesting  be- 
haviors, and  cocoon  morphologies  of  members  of  these  two  little- 
known  genera.  Such  a comparison  is  now  possible  because  Miller 
and  Kurczewski  have  recently  studied  the  behavior  of  Entomognathus 
memorialis  Banks  in  some  detail  and  have  reviewed  the  literature 
on  members  of  this  genus  in  the  following  article. 

Bothynostethus  distinct  us  resembles  Entomognathus  memorialis  and 
E.  brevis  Lind,  in  nesting  in  sand-cliffs  and  slopes,  although  the  last 
species  also  nests  in  flat  sand  (Chambers,  1949).  These  three  species 
plus  E.  texana  Cresson  possibly  utilize  pre-existing  burrows  for  the 
proximal  portions  of  their  nests  (Adlerz,  1912;  Cazier  and  Morten- 
son,  1965);  however,  at  least  E.  memorialis , in  addition,  constructs 
nests  from  the  sand  surface.  In  either  case,  searching  for  nest-sites 
involves  characteristic  hovering  flights  interspersed  with  soil  sampling 
or  hole  searching,  a behavior  prevalent  in  Mimesa  and  Trypoxylon. 

Although  members  of  both  genera  transport  the  prey  in  flight  in 
a head-forward  position  E.  memorialis  carries  the  beetle  venter-up 
with  the  legs  as  in  most  crabronines  (Pedal  Type  1,  Evans,  1962), 
whereas  B.  distinctus  carries  the  beetle  dorsum-up  and,  in  addition 
to  using  the  legs,  grasps  the  prey’s  antennae  with  the  mandibles  as 
in  many  larrines  (Mandibular  Type  3).  At  least  one  species  of 
Entomognathus , memorialis , stores  prey  in  the  burrow  prior  to  their 
arrangement  in  the  cell  and  oviposition.  B.  distinctus  apparently 
takes  the  beetles  directly  into  the  cell.  Many  cells  in  the  nests  of 
E.  memorialis  are  constructed  in  tandem  series,  whereas  cells  in  the 
nests  of  B.  distinctus  are  evidently  built  singly  at  the  ends  of  short 
side  burrows. 

The  use  of  a common  family  of  beetles  by  members  of  these 
two  genera  should  not  be  overemphasized,  as  many  examples  of 
convergence  in  prey  type  are  known  in  the  Sphecidae.  One  note- 
worthy example  is  the  frequent  use  of  the  tarnished  plant  bug, 
Lygus  lineolaris  (Beauvois)  by  the  larrine  Plenoculus  davisi  Fox 
and  by  the  crabronine  Anacrabro  ocellatus  Packard  (Kurczewski, 
1968;  Kurczewski  and  Peckham,  1970).  It  is  entirely  possible  that 
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the  use  of  chrysomelids  by  Bothy  nostethus  and  Entomognathus  was 
acquired  independently  and,  furthermore,  that  the  similarity  in  the 
position  of  egg  attachment  of  these  two  genera,  was  dictated  by  the 
morphology  of  the  beetle  [Compare  Fig.  6 with  fig.  II  in  Grandi 
(1927)  ( E . brevis)  and  with  Fig.  3 in  Miller  and  Kurczewski 
{E.  ?nemorialis)]. 

The  cocoons  of  species  of  Larrinae  and  Crabroninae  are  basically 
similar  in  shape  and  in  having  an  outer  covering  of  sand  grains. 
That  of  Bothy wostethus  contains  beetle  elytra  affixed  to  the  proximal 
end  and  thus  resembles  cocoons  of  certain  species  of  the  crabronine 
genera  Lindenius  and  Crabro,  in  which  prey  remains  cover  the 
outside.  On  the  other  hand,  in  larrine  genera  such  as  Lyroda , 
PlenoculuSj  and  Tachysphex  prey  remains  are  not  attached  to  the 
exterior  of  the  cocoon  and,  in  this  respect,  Entomognathus  is  much 
like  a larrine  [see  Miller  and  Kurczewski,  Fig.  4 (E.  memorialis)  ; 
Benoist,  1915  (E.  brevis)].  The  reliability  of  the  exterior  structure 
of  the  cocoon  as  an  indicator  of  phylogeny  can,  however,  be  ques- 
tioned. For  example,  Oxybelus,  a genus  of  the  tribe  Oxybelini 
which  is  usually  placed  in  the  Crabroninae,  has  a cocoon  that  is 
essentially  indistinguishable  from  that  of  many  Larrinae. 

Thus  evidence  on  the  relationship  of  Bothynostethus  and  Ento- 
mognathus based  upon  cocoon  structure  is  equivocal,  and  that  derived 
for  certain  behavioral  components  is  difficult  to  interpret.  Although 
larval  structure  suggests  that  the  two  genera  are  closely  related, 
Bothynostethus  does  possess  finger-like  lobes  on  the  prothorax,  an 
important  larrine  feature.  In  spite  of  some  similarities  among  these 
two  genera  in  adult  external  morphology,  Bothynostethus  and 
Entomognathus  for  the  most  part  retain  their  affinities  with  other 
Larrinae  and  Craboninae,  respectively.  Both  Krombein  (1951)  and 
Menke  (1968)  concluded  that  Bothynostethus  belongs  in  the  Lar- 
rinae, while  Entomognathus  has  consistently  been  placed  in  the 
Crabroninae. 

Despite  considerable  similarity  in  larval  morphology  and  several 
common  ecological  and  behavioral  features,  we  believe  the  two 
genera  are  sufficiently  different  to  warrant  their  being  placed  in 
separate  tribes.  Therefore,  we  accept  Menke’s  (1968)  placement 
of  Bothynostethus  in  the  Bothynostethini,  and  support  the  retention 
of  Entomognathus  in  the  Crabronini.  However,  the  resemblances 
among  the  larvae  and  cocoons  of  these  and  related  genera  lead  one 
to  ask  again  whether  the  larrine  and  crabronine  wasps  should  not 
simply  be  considered  as  tribes  within  a single  subfamily,  as  sug- 
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gested  by  Evans  (1964).  Our  study  of  Bothynostethus  distinctus 
indicates  that  this  matter  should  be  left  open  until  additional  data 
can  be  obtained  and  further  evidence  weighed. 
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THE  GENUS  OONOPS  (ARANEAE,  OONOPIDAE) 

IN  PANAMA  AND 
THE  WEST  INDIES.  PART  3'* 

By  Arthur  M.  Chickering 
Museum  of  Comparative  Zoology 

This  is  the  eighth  paper  in  the  series  on  the  various  genera  in  the 
Family  Oonopidae  as  it  is  now  known  in  Central  America  and  the 
West  Indies.  It  is  the  third  and  final  paper  on  the  genus  Oonops 
and  deals  with  this  genus  as  it  is  now  known  in  the  West  Indies 
from  the  Virgin  Islands,  both  American  and  British,  westward  to 
Trinidad,  W.  I.  and  Curacao,  Netherlands  Antilles.  My  own  col- 
lections have  been  supplemented  by  the  loan  of  specimens  from  the 
American  Museum  Natural  History  and  the  British  Museum  (Nat- 
ural History)  together  with  specimens  deposited  in  the  Museum  of 
Comparative  Zoology  from  earler  collections. 

Dr.  W.  J.  Gertsch,  formerly  Curator  of  Arachnida  in  the  Ameri- 
can Museum  of  Natural  History,  New  York  City  and  Dr.  J.  A. 
L.  Cooke,  Associate  Curator  of  Arachnida  in  the  same  institution 
have  loaned  me  specimens  of  this  genus  from  the  West  Indies.  Dr. 
J.  G.  Sheals  and  Mr.  D.  J.  Clark,  Dept,  of  Zoology,  British  Museum 
(Natural  History)  have  very  kindly  made  it  possible  to  examine 
three  species  of  the  genus  Oonops  described  by  E.  Simon  from  St. 
Vincent,  B.  W.  I.  in  1891. 

As  I have  repeatedly  acknowledged  in  my  published  papers,  I am 
deeply  grateful  for  help  and  encouragement  extended  to  me  by  mem- 
bers of  the  staff  of  the  Museum  of  Comparative  Zoology  over  a 
period  of  many  years.  Grants  GB-1801  and  GB-5013  from  the 
National  Science  Foundation  have  given  me  financial  aid  for  a period 
of  nearly  six  years. 

Numerous  difficulties  encountered  during  the  study  of  this  genus 
in  the  West  Indies,  mentioned  in  Part  2 of  this  series,  have  con- 
tinued in  this  division  of  the  study.  This  has  been  further  com- 
plicated by  increasing  infirmities  of  advancing  age.  For  these  reasons 
this  paper  is  somewhat  less  complete  than  originally  planned.  A 
small  number  of  specimens  have  been  laid  aside  because  of  uncertainty 
concerning  their  status  and  lack  of  sufficient  time  to  clarify  the 
problem. 

In  view  of  what  I have  written  above,  the  list  of  species  from 
the  region  under  consideration  in  this  paper  and  at  present  recog- 

*Manuscript  received  by  the  editor  August  3,  1971. 
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nized  with  reasonable  certainty  may  be  given  as  follows:  Oonops 
aristelus  sp.  nov. ; O.  balanus  Chickering;  O.  delegenus  sp.  nov.;  O . 
ebenecus  sp.  nov.;  O.  fguratus  Simon;  O.  globimanus  Simon;  O. 
oblucus  sp.  nov.;  O.  pallidulus  Chickering;  O.  pulicarius  Simon;  O. 
reticulatus  Petrunkevitch ; O.  validus  Bryant;  O.  viridans  Bryant. 
A total  of  thirty  species  in  the  genus  Oonops  are  now  recognized 
from  the  region  included  in  this  study  and  reported  in  Parts  1-3. 

Genus  Oonops  Templeton,  1835 
Oonops  aristelus  sp.  nov. 

Figures  1-5 

Holotype.  The  male  holotype  is  from  Antigua,  B.  W.  I.,  August, 
1967;  collected  by  Mrs.  Elsa  Sabath.  The  name  of  the  species  is  an 
arbitrary  combination  of  letters. 

Description.  Total  length  1.21  mm.  Carapace  nearly  0.57  mm 
long;  0.43  mm  wide  opposite  second  coxae;  considerably  narrowed 
just  anterior  to  first  legs;  nearly  0.21  mm  tall  at  beginning  of  pos- 
terior declivity  which  is  very  steep  in  uppermost  third  and  then 
moderately  so  to  posterior  border  ( Fig.  1 ) ; with  no  evidence  of  a 
thoracic  groove  or  pit.  Eyes:  six  in  two  rows  in  a compact  group 
(Fig.  2).  Viewed  from  above,  posterior  row  definitely  recurved  and 
wider  than  anterior  row  in  ratio  of  nearly  17  : 15;  occupies  nearly 
0.8  of  width  of  carapace  at  that  level.  Ratio  of  eyes  ALE  : PME  : 
PLE  — nearly  6:5:  5.25.  ALE  separated  from  one  another  by 
nearly  two-thirds  of  their  diameter  and  separated  from  PME  and 
PLE  only  by  lines.  PME  contiguous  for  nearly  one-third  of  their 
circumference  and  narrowly  separated  from  PLE.  Clypeus  very  nar- 
row; with  height  a little  less  than  one-fourth  of  the  diameter  of 
ALE.  Chelicerae  and  lip  apparently  typical  of  the  genus  and  un- 
modified. Maxillae  probably  with  distal  modifications  but  absence  of 
paratypes  prevents  dissection  and  careful  observation.  Sternum : mod- 
erately convex;  nearly  as  wide  as  long  at  interval  between  first  and 
second  coxae;  surface  smooth  and  shining;  with  marginal  hairs  but 
without  marginal  lobes  or  grooves;  bluntly  terminated  between  bases 
of  fourth  coxae  which  are  separated  by  a little  more  than  their 
width.  Legs:  apparently  4 — 123  in  order  of  length  (curled  and 
fragile  legs  prevent  usual  exact  measurements);  spines  on  first  and 
second  legs  few  in  number  and  obscure;  those  on  third  and  fourth 
legs  fairly  clear  and  more  numerous;  trichobothria.  observed  but 
exact  number  and  placement  not  determined.  Palp:  essential  features 
shown  in  Figures  3-4;  bulb  inflated  but  cymbium  is  shorter  than 
usual;  tibia  and  patella  short  and  rounded.  Abdomen:  typical  of 
males  of  the  genus  and  without  special  modifications. 
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Female  paratype.  Total  length  1.43  mm.  Carapace  0.65  mm 
long;  nearly  0.46  mm  wide  opposite  second  coxae;  nearly  0.27  mm 
tall;  general  shape  as  in  male.  Features  of  the  external  anatomy 
resemble  those  of  the  male  so  closely  that  a detailed  description  is 
regarded  as  unnecessary.  The  epigynal  area  appears  to  be  quite 
distinctive  (Fig.  5). 

Diagnosis.  This  species  seems  to  be  closely  related  to  Oonops 
ronoxus  from  St.  Croix,  U.  S.  Virgin  Islands.  The  male  palp,  the 
shape  of  the  carapace  and  the  epigynal  area  of  the  female  seem  to 
establish  it  as  a new  species. 

Records.  The  female  paratype  was  taken  in  the  same  locality  and 
within  the  same  time  period  as  the  male  holotype.  There  are  no  other 
paratypes. 

Oonops  balanus  Checkering 

Telchius  placidus,- Bryant,  1942:  323,  figs.  3-4.  Not  Oonops  placidus  Dal- 
mas,  1916. 

Oonops  balanus  Chickering,  1972:  204,  figs.  1-11.  New  name  for  Telchius 
placidus  Bryant. 

In  addition  to  the  distribution  of  this  species  as  reported  in  Part  2 
of  this  series  on  the  genus  Oonops  I seem  to  have  numerous  speci- 
mens from  St.  Kitts,  Nevis  and  Antigua,  B.  W.  I.  and  Jamaica,  W.  I. 
where  it  appears  to  be  abundant.  There  are  puzzling  variations 
among  these  numerous  specimens  at  present  assigned  to  this  species 
and  further  study  may  show  that  the  collection  includes  more  than 
one  species. 

Oonops  delegenus  sp.  nov. 

Figures  6-10 

Holotype.  The  female  holotype  is  from  Puerto  Rico,  W.  I., 
Mayaguez,  University  campus;  sifted  from  hay  and  weed  debris 
January  11,  1964.  The  name  of  the  species  is  an  arbitrary  com- 
bination of  letters. 

Description.  Total  length  2.26  mm.  Carapace  0.75  mm  long; 
0.66  mm  wide;  nearly  0.33  mm  tall;  slightly  arched  just  behind 
PME  to  beginning  of  steep  posterior  declivity;  surface  smooth  with 
a moderately  well  developed  coat  of  dark  hair;  with  no  evidence  of 
any  definite  median  fovea  or  groove.  Eyes : six  as  usual  in  the  genus 
(Fig.  6);  posterior  row  occupies  about  five-fifths  of  width  of  cara- 
pace at  that  level  and  only  a little  wider  than  anterior  row;  viewed 
from  above,  definitely  recurved.  Ratio  of  eyes  ALE  : PME  : 
PLE  = 8.5  : 7.75  : 7.5.  ALE  separated  from  one  another  by 
nearly  three-fourths  of  their  long  axis;  separated  from  PME  by 
somewhat  less  than  one  fourth  of  their  long  axis  and  from  PLE 
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Figures  1-5.  Oonops  aristelus  sp.  nov.  Fig.  1.  Carapace  of  holotype ; 
left  lateral  view.  Fig.  2.  Eyes  of  holotype  from  above.  Fig.  3.  Left  palp 
of  holotype;  prolateral  view.  Fig.  4.  Left  palpal  tarsus  of  holotype;  ven- 
tral view.  Fig.  5.  Epigynal  area  of  described  female  paratype  from  below. 
Figures  6-10.  Oonops  delegenus  sp.  nov.  Fig.  6.  Eyes  of  holotype  from 
above.  Fig.  7.  First  right  tibia  and  metatarsus;  prolateral  view.  Fig.  S. 
Left  palpal  femur;  retrolateral  view.  Fig.  9.  Left  palpal  patella;  dorsal 
view.  Fig.  10.  Epigynal  area  of  holotype;  ventral  view. 
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only  by  a line.  PME  contiguous  to  one  another  for  fully  one-fourth 
of  their  circumference  and  separated  from  PLE  by  slightly  more 
than  one-fourth  of  their  long  axis.  Height  of  clypeus  a little  less 
than  one-fourth  of  the  long  axis  of  ALE.  Chelicerae,  maxillae  and 
lip  essentially  typical  of  females  of  the  genus  with  no  observed  spe- 
cial modifications.  Sternum:  very  convex;  nearly  as  wide  as  long; 
with  a cluster  of  stiff  hairs  at  bluntly  rounded  posterior  end  which 
is  nearly  opposite  the  proximal  end  of  fourth  coxae  which  are  sep- 
arated by  nearly  their  width.  Legs:  4213  in  order  of  length;  well 
armed  with  spines;  first  legs  with  ventral  and  ventrolateral  spines 
as  shown  in  Figure  7 on  tibiae  and  metatarsi;  second  legs  essentially 
as  in  first  but  with  ventral  spines  small  and  inconspicousus ; third 
and  fourth  legs  with  numerous  slender  spines  on  femora,  tibiae  and 
metatarsi  less  conspicuous  than  those  on  first  legs.  Palp:  with 
numerous  spines  on  four  terminal  segments  much  like  those  on  Heter- 
oonops  spinnimanus  (Simon)  (Figs.  8-9).  Abdomen:  ovoid;  robust; 
with  ventral  scuta  only  weakly  chitinized  (Fig.  10)  ; colulus  appears 
to  be  represented  by  a pair  of  bristles;  six  spinnerets  of  moderate 
size  and  length.  Epigynal  area  obscurely  distinctive  (Fig.  10). 
Color  in  alcohol:  considerable  pigment  in  ocular  area  with  reddish 
tinge;  nearly  the  whole  body  and  appendages  light  yellowish  with 
variations;  abdomen  reticulated  with  the  angular  areas  of  different 
sizes  and  shapes;  the  scuta  are  slightly  more  deeply  yellowish  than 
surrounding  areas;  just  anterior  to  spinnerets,  where  darker  bodies 
are  often  seen  in  many  species,  are  a small  pair  of  clusters  of  minute 
yellowish  bodies. 

Diagnosis.  This  species  seems  to  belong  in  the  group  of  species 
including  Oonops  anoxus  and  Oonops  vestus  as  described  in  Part  1 
of  this  series. 

Records.  Four  para, type  females  are  now  in  the  collection  from 
the  following  localities  in  Puerto  Rico:  5 km.  from  Mayaguez  on 
Route  106;  Montanas  de  Urojan;  University  campus;  University 
farm  east  of  Nuclear  Center;  all  collected  in  January  1964.  The 
male  of  this  species  is  unknown. 

Oonops  ebenecus  sp.  nov. 

Figures  11-14 

Holotype . The  male  holotype  is  from  Puerto  Rico,  W.  I.,  El 
Yunque  Biological  Station,  2100  ft.  elevation,  January  25,  1964. 
The  name  of  the  species  is  an  arbitrary  combination  of  letters. 

Description.  Total  length  1.7  mm  exclusive  of  the  extended 
spinnerets;  including  the  spinnerets,  total  length  is  1.82  mm.  Cara- 
pace 0.81  mm  long;  0.62  mm  wide  opposite  second  coxae  where  it  is 
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widest;  nearly  0.4  mm  tall;  slightly  arched  along  median  region 
from  just  behind  PME  to  beginning  of  steep  posterior  declivity 
nearly  opposite  third  coxae;  surface  smooth  with  few  dark  hairs; 
with  no  median  fovea  or  groove.  Eyes:  six  as  usual  in  the  genus; 
viewed  from  above,  posterior  row  recurved  and  only  a little  wider 
than  anterior  row;  occupies  nearly  five-sixths  of  width  of  carapace 
at  that  level.  Ratio  of  eyes  ALE  : PME  : PLE  = 10  : 8.5  : 9. 
ALE  separated  from  one  another  by  nearly  three-fifths  of  their  long 
axis;  separated  from  PME  by  a little  less  than  one-fifth  of  their 
long  axis  and  contiguous  to  PLE  at  one  point.  PME  contiguous  to 
one  another  for  a.  quarter  of  their  circumference  and  separated  from 
PLE  by  nearly  one-fourth  of  their  long  axis.  Height  of  clypeus 
nearly  equal  to  one-tenth  of  the  long  axis  of  ALE.  With  consid- 
erable black  pigment  surrounding  eyes  (Fig.  11).  Chelicerae:  well 
developed;  basal  segment  about  0.35  mm  long;  parallel;  vertical; 
with  a long,  slender  fang  seen  in  no  other  species  during  this  study 
(Fig.  12)  ; when  at  rest  the  two  fangs  are,  apparently,  crossed. 
Maxillae:  slightly  convergent;  membranous  distal  ends  slightly  turned 
outward;  about  twice  as  long  as  lip.  Lip:  about  as  wide  at  base 
as  long.  Sternum:  convex;  nearly  as  wide  as  long;  surface  smooth; 
bluntly  terminated  between  bases  of  fourth  coxae  which  are  sepa- 
rated by  slightly  more  than  their  width.  Legs:  4213  in  order  of 
length;  only  slight  difference  in  lengths  of  first  and  second  legs; 
these  legs  with  only  occasional  spines;  third  and  fourth  legs  with 
numerous  spines,  especially  on  the  tibiae  and  metatarsi;  palp  with 
very  slender  spines  on  femur,  patella  and  tibia.  Palp:  all  segments 
except  tarsus  of  moderate  length  and  with  no  dilation;  tarsus  with 
dilated  bulb  and  distinctive  embolus  and  conductor  (Figs.  13-14). 
Abdomen:  ovoid;  with  no  clearly  recognizable  ventral  scuta  in  holo- 
type  or  paratypes;  other  features  as  usual  in  the  genus.  Color  in 
alcohol:  carapace  light  yellow;  legs  yellowish  above,  lighter  below; 
sternum  light  yellowish;  abdomen  nearly  white  with  a pair  of  small, 
irregular,  subsurface,  brownish  dots  just  anterior  to  base  of  spin- 
nerets on  the  venter.  Two  paratypes  have  light  greenish  abdomens. 

Diagnosis.  This  species  appears  to  be  most  closely  related  to 
O'onops  castellus  from  St.  Thomas,  U.  S.  Virgin  Islands,  and  Oonops 
validus  Bryant  from  the  Dominican  Republic. 

Records.  Four  paratype  males  were  collected  at  the  El  Yunque 
Biological  Station  with  the  holotype.  Two  males  were  taken  from 
leaf  litter  among  coffee  trees  in  the  vicinity  of  Mayaguez,  on  Jan- 
uary 21,  1964.  The  female  is  unknown. 


1 10 


Psyche  [March-June 


Figures  11-14.  Oonops  ebenecus  sp.  nov.  Fig.  11.  Eyes  of  holotype  from 
above.  Fig.  12.  Left  chelicera  from  below.  Fig.  13.  Right  palp  of  holotype; 
prolateral  view.  Fig.  14.  Right  palpal  tarsus;  nearly  ventral  view.  Fig- 
ures 15-17.  Oonops  oblucus  sp.  nov.  Fig.  15.  Eyes  of  holotype  from  above. 
Fig.  16.  Left  palp  of  holotype;  retrolateral  view.  Fig.  17.  Left  palpal  tar- 
sus of  holotype ; prolateral  view. 
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Oonops  oblucus  sp.  nov. 

Figures  15-17 

Holotype.  The  male  holotype  is  from  Hope  Gardens,  St.  Andrew 
Parish,  Jamaica,  W.  I.,  November  27,  1963.  The  name  of  the 
species  is  an  arbitrary  combination  of  letters. 

Description.  Total  length  nearly  1.47  mm.  Carapace  nearly 
0.72  mm  long;  nearly  0.55  mm  wide  opposite  second  coxae  where  it 
is  widest;  nearly  0.22  mm  tall;  gently  arched  from  behind  PME  to 
beginning  of  posterior  declivity  nearly  opposite  interval  between 
second  and  third  coxae;  with  no  definite  median  thoracic  groove 
or  pit  observed.  Eyes:  six  as  usual  in  two  rows  (Fig.  15)  ; posterior 
row  only  a little  wider  than  anterior  row  and  definitely  recurved; 
occupies  nearly  eleven-fourteenths  of  width  of  carapace  at  that 
level.  Ratio  of  eyes  ALE  : PME  : PLE  = nearly  7 : 6.5  : 6.5 
(long  axes  used  for  measurements).  ALE  separated  from  one  an- 
other by  nearly  five-sevenths  of  their  long  axes;  separated  from  PME 
and  PLE  only  by  broad  lines.  PME  contiguous  to  one  another  for 
nearly  one-third  of  their  circumference  and  separated  from  PLE 
only  by  a broad  line.  Clypeus  obscure  but  height  apparently  less 
than  the  radius  of  ALE.  Chelicerae,  maxillae  and  lip:  with  poor 
exposure  but  apparently  typical  of  the  genus  and  without  special 
modifications  observed.  Sternum : moderately  convex ; widest  between 
second  coxae  where  it  is  nearly  four-fifths  as  wide  as  long;  pos- 
terior end  broadly  rounded  between  bases  of  fourth  coxae  which 
are  separated  by  a little  more  than  their  width.  Legs:  probably 
4123  in  order  of  length  but  first  legs  are  missing;  probably  with 
few  slender  spines  but  spiniform  bristles  are  numerous  and  confus- 
ing. Palp:  simple  (Figs.  16-17)  but  unlike  any  other  seen  during 
this  study  of  the  genus  Oonops ; femur,  patella  and  tibia  unusually 
short  and  broad.  Abdomen:  quite  typical  of  males  of  the  genus  and 
without  special  modifications;  with  no  distinguishable  ventral  or 
epigastric  scutum.  Color  in  alcohol:  carapace  and  sternum  a light 
yellowish-brown;  with  a moderate  amount  of  black  pigment  in  ocu- 
lar area;  legs  and  mouth  parts  yellowish  with  some  variation;  ab- 
domen with  an  unusual  color  pattern;  dorsal  and  dorsolateral  regions 
purplish  with  three  pairs  of  irregular  whitish  spots  in  anterior  dorsal 
two-thirds  and  with  three  small,  whitish,  irregularly  placed  spots  in 
posterior  third  of  the  dorsum;  the  spinnerets  and  ventrolateral  re- 
gions are  nearly  white. 

Diagnosis.  The  genetical  relationships  of  this  species  are  diffi- 
cult to  determine  but  the  species  seems  to  be  most  closely  related 
to  Oonops  reticulatus  Petrunkevitch  as  this  species  is  now  under- 
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stood.  The  palpal  tarsus  differs  from  that  of  O . reticulatus  Pet. 
but  the  other  palpal  segments  are  very  similar  and  the  color  pattern 
of  the  abdomen  is  somewhat  similar  also. 

Records . No  male  paratypes  have  yet  appeared  in  my  collections 
and  the  female  is  unknown. 

Oonops  reticulatus  Petrunkevitch 

Oonops  reticulatus  Petrunkevitch,  1925:  98;  Roewer,  1942:  278;  Bonnet, 
1958:  3192;  Cickering,  1951:  228;  1971:  489,  figs.  1-2. 

Oonopoides  bryantae, -Chickering , 1951:  224,  figs.  12-13. 

One  female,  which  may  be  somewhat  immature,  from  Puerto  Rico, 
W.  I.,  5 km.  from  Mayaguez  on  Route  106,  January  30,  1964  is, 
with  some  uncertainty,  referred  to  this  species.  A male  and  several 
females  taken  on  the  University  campus  in  St.  Augustine,  Trinidad, 
W.  L,  April,  1964  are,  with  reasonable  certainty,  referred  to  this 
species.  These  specimens  should  have  been  reported  in  Part  1 of 
this  series  on  the  genus  Oonops  but  they  were  misplaced  and  over- 
looked at  that  time. 


Oonops  figuratus  Simon 

Oonops  figuratus  Simon,  1891:  564,  fig.  9.  The  female  holotype  from  St. 
Vincent,  B.  W.  I.  is  in  the  British  Museum  (Natural  History),  ex- 
amined. Simon,  1893,  444-445;  1893:  292,  294;  Petrunkevitch,  1911: 
127;  Roewer,  1942:  278;  Bonnet,  1958:  3190. 

I failed  to  collect  members  of  this  species  during  my  visit  to  St. 
Vincent,  B.  W.  I.  in  1966  and,  apparently,  the  species  has  not  been 
reported  since  the  original  description  was  published. 

Oonops  glohimanus  Simon 
Figures  18-21 

Oonops  glohimanus  Simon,  1891:  563,  fig.  7.  Male  and  female  types  from 
the  Island  of  St.  Vincent,  B.  W.  I.  are  in  the  British  Museum  (Natural 
History),  examined.  Petrunkevitch,  1911,  128;  Simon,  1893:  445;  1893: 
294;  Roewer,  1942:  278;  Bonnet,  1958:  3190. 

The  male  on  loan  from  the  British  Museum  (Natural  History) 
has  almost  no  pigment  in  the  ocular  area  and  the  boundaries  of  the 
eyes  are  very  difficult  to  discern  (Fig.  18).  All  legs  appear  to  bear 
spines,  especially  the  third  and  fourth.  The  palpal  tarsus  of  the 
male  appears  quite  different  from  Simon’s  Figure  7.  This  organ 
appears  to  be  obscurely  distinctive  (Figs.  19-20).  The  epigynal  area 
is  also  obscurely  distinctive  (Fig.  21).  One  male  from  St.  Vincent, 
B.  W.  I.,  October,  1966  is  tentatively  referred  to  this  species. 

Oonops  pallid, ulus  (Chickering) 

Oonopinus  pallidulus  Chickering,  1951:  222,  figs.  10-11.  The  female  holotype 
from  Barro  Colorado  Island,  Panama  Canal  Zone  is  in  the  Museum 
of  Comparative  Zoology,  Harvard  University. 

Oonops  pallidulus. — Chickering,  1971:  496,  figs.  12-13. 
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Figures  18-21.  Oonops  globhnanus  Simon.  Fig.  18.  Eyes  of  male  from 
above.  Fig.  19.  Right  palpal  tarsus  of  male;  prolateral  view.  Fig.  20.  Dis- 
tal end  of  left  palpal  tarsus;  nearly  dorsal  view.  Fig.  21.  Epigynal  area 
of  female  from  below.  Figures  22-23.  Oonops  validus  Bryant.  Fig.  22.  Right 
first  metatarsus;  dorsal  view.  Fig.  23.  Left  palpal  tarsus  of  holotype  from 
below.  Figures  24-25.  Oonops  viridans  Bryant.  Fig.  24.  Eyes  from  above. 
Fig.  25.  Epigynal  area  and  articulation  of  abdomen  and  pedicel. 
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Several  females,  taken  in  several  different  localities  in  Jamaica, 
W.  I.  in  1957,  1963  and  1964  are  with  some  uncertainty  placed 
in  this  species.  Males  taken  at  the  same  time  as  these  females  and 
in  the  same  localities  have  proven  to  be  very  problematical.  In  some 
respects  they  closely  resemble  Oonops  balanus  Chickering;  in  some 
other  respects  they  come  close  to  the  missing  males  of  Oonops  pallidu- 
lus  (Chickering).  Because  of  this  uncertainty  they  are  left  unplaced 
to  species  awaiting  further  study  by  some  student  of  the  genus. 

Oonops  pulicarius  Simon 

Oonops  pulicarius  Simon,  1891:  564,  fig.  8.  Male  and  female  types  from  the 
Island  of  St.  Vincent,  B.  W.  I.  are  in  the  British  Museum  (Natural 
History),  examined.  Simon,  1893:  445;  1893:  294;  Petrunkevitch,  1911: 
128;  Roewer,  1942:  278;  Bonnet,  1958:  3192. 

This  species,  apparently,  has  not  been  collected  since  the  types 
were  taken  on  St.  Vincent  a few  years  prior  to  1891.  I did  not 
collect  the  species  during  my  visit  to  this  island  in  1966.  The 
distinguishing  features  are  difficult  to  discern  clearly  but,  apparently, 
the  species  is  not  closely  related  to  any  with  which  I have  become 
familiar  during  this  study. 

Oonops  validus  Bryant 
Figures  22-23 

Oonops  validus  Bryant,  1948:  341,  fig.  3.  The  male  holotype  from  the 
Dominican  Republic  is  in  the  Museum  of  Comparative  Zoology,  Har- 
vard University,  examined. 

In  addition  to  the  conspicuous  paired  ventral  spines  on  the  first 
and  second  tibiae  mentioned  in  the  original  description,  the  first 
and  second  metatarsi  also  have  two  pairs  of  ventral  spines.  The 
third  and  fourth  legs  also  have  spines  but  not  the  conspicuous  ones 
borne  by  the  first  and  second. 

Apparently,  Miss  Bryant  confused  the  two  separate  terminations 
of  the  palpal  tarsus  and  thought  that  there  was  only  one  curled 
tube.  I believe  there  are  two  terminations,  the  embolus  and  con- 
ductor, as  I have  tried  to  show  in  Figure  23. 

Oonops  viridans  Bryant 
Figures  24-25 

Oonops  viridans  Bryant,  1942:  1,  fig.  1.  The  holotype  female  from  £1 
Yunque,  Puerto  Rico  is  in  the  Museum  of  Comparative  Zoology,  ex- 
amined. 

The  holotype  was  collected  in  1930  by  Dr.  P.  J.  Darlington,  Jr. 

I have  several  females  which,  until  recently,  have  been  regarded  as 
representing  a new  species.  Several  important  features  of  the  holo- 
type are  difficult  to  discern  but  after  careful  comparison  I have  de- 
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cided  to  regard  my  specimens  as  probably  belonging  to  Oonops  viri- 
dans  Bryant.  Final  decision  on  this  matter  must  await  more  careful 
collecting  and  further  detailed  study.  Figure  24  represents  the  eye 
group  of  the  female  from  above;  Figure  25  represents  the  epigynal 
area.  Both  of  these  figures  were  drawn  from  the  female  which  had 
been  selected  as  the  holotype  of  a new  species. 

Records.  Seven  females  were  collected  as  follows  in  January, 
1964  all  in  the  vicinity  of  Mayaguez,  Puerto  Rico:  University  cam- 
pus from  hay  and  weed  debris;  leaf  and  weed  debris  among  coffee 
trees  near  the  campus;  University  farm  north  of  the  campus  also 
from  hay  and  weed  debris.  The  male  is  unknown. 


Bibliography 

Bonnet,  Pierre 

1958.  Bibliographia  Araneorum.  Toulouse.  2(4). 

Bryant,  Elizabeth 

19+2.  Notes  on  the  Spiders  of  the  Virgin  Islands.  Bull.  Mus.  Comp. 
Zool.,  89(7)  : 317-363,  40  figs. 

1942.  Additions  to  the  Spider  Fauna  of  Puerto  Rico.  The  Journ.  of 
Agric.  of  the  University  of  Puerto  Rico,  26 : ( 1 ) , January,  1942. 
1948.  The  Spiders  of  Hispaniola.  Bull.  Mus.  Comp.  Zool.  100:  331-447, 
12  pis. 

Chickering,  Arthur  M. 

1951.  The  Oonopidae  of  Panama.  Bui.  Mus.  Comp.  Zool.,  106(5): 
207-245,  31  figs. 

1971.  The  Genus  Oonops  (Araneae,  Oonopidae)  in  Panama  and  the 
West  Indies.  Part  1,  Psyche,  77:  487-512. 

1972.  The  Genus  Oonops  (Araneae,  Oonopidae)  in  Panama  and  the 
West  Indies.  Part  2,  Psyche,  78:  203-214. 

Petrunkevitch,  Alexander 

1911.  A synonymic  index-catalogue  of  spiders  of  North,  Central,  South 
America,  etc.  Bull.  Amer.  Mus.  Nat.  Hist.,  29:  1-809. 

1925.  Arachnida  from  Panama.  Trans.  Connecticut  Acad.  Arts  and 
Sci.  27:  51-248. 

1929.  The  Spiders  of  Porto  Rico.  Pt.  1.  Trans.  Connecticut  Acad. 
Arts  and  Sci.  30:  7-158,  150  figs. 

Roewer,  C.  Fr. 

1942.  Katalog  der  Araneae.  1:  1-1040.  Bremen. 

Simon,  E. 

1891.  On  the  spiders  of  the  island  of  St.  Vincent.  Pt.  1.  Proc.  Zool. 

Soc.  of  London,  Nov.  17,  1891  : 549-575. 

1893.  Voyage  de  M.  E.  Simon  au  Venezuela.  Ann.  Soc.  Entom.  France, 
61:  423-462,  1 pi. 

1892-1893.  Histoire  naturelle  des  Araignees.  Deuxieme  Edition.  2 Vols. 
Librairie  Encyclopedique  de  Roret,  Paris. 


CHROMOSOME  NUMBER  POLYMORPHISM  IN 
THE  SAWFLY  JANUS  INTEGER 
(HYMENOPTERA,  CEPHIDAE)* 

By  R.  H.  Crozier  and  E.  F.  Taschenberg 

Department  of  Zoology,  University  of  Georgia,  Athens,  Georgia  ; 
and  Vineyard  Laboratory,  New  York  State  Experiment  Station, 
Fredonia,  New  York. 


Introduction 

The  Symphytan  family  Cephidae  has  a special  significance  in  the 
study  of  the  evolution  of  the  Hymenoptera,  as  it  is  belived  to  be 
the  group  closest  to  the  stem  from  which  the  Apocrita  evolved.  The 
chromosomes  of  only  one  cephid,  Cephus  cinctus,  have  been  de- 
scribed previously  (Mackay,  1955)  ; the  Cephidae  are  therefore  an 
important  but  cytogenetically  little-known  group. 

Methods 

Male  pupae  of  Janus  integer  were  obtained  by  allowing  virgin 
females  to  oviposit  on  caged  currant  bushes  from  which  all  the  pre- 
vious year’s  growth  had  been  removed. 

Chromosome  preparations  were  made  from  pupal  or  prepupal 
testes  using  an  air-drying  technique  (Crozier,  1968,  1970).  Each 
prepupa  or  pupa  was  punctured  using  a minuten  pin  and  placed  with 
the  puncture  touching  a drop  of  a 0.05%  solution  of  colcemid  in  an 
insect  Ringer  solution  and  left  overnight.  The  next  day  the  testes 
were  dissected  out  under  a 1%  w/v  sodium  citrate  solution  and  left 
in  the  solution  for  20  minutes;  they  were  then  fixed  in  3:1  meth- 
anol-acetic acid  fixative  for  at  least  45  minutes.  The  cells  were 
dissociated  using  a drop  of  60%  acetic  acid  on  a warm  slide  and 
the  suspension  spread  using  further  methanol-acetic  fixative  before 
being  dried  by  an  air-flow  and  stained  using  aceto-lactic  orcein.  The 
preparations  were  dehydrated  and  mounted  in  ‘Euparal’. 

The  chromosomes  of  intact  cells  were  counted  using  a hand 
counter.  If  a majority  of  cells  had  shown  the  same  number  after 
20  cells,  and  none  had  been  found  with  a higher  number,  that  num- 
ber was  taken  to  be  the  chromosome  number  of  that  individual. 
Otherwise,  further  cells  were  counted. 

Results  and  Discussion 

The  karyotypes  of  eight  male  Janus  integer  were  determined.  Two 

* Manuscript  received  by  the  editor  March  3,  1972. 


1 16 


1972] 


Crozier  & Taschenberg  — Janus 


1 17 


| )|t$l|i4  #•«*»**•  •*•••»» 

t|9lilii  a *««»*•  * %&#*«§•  M 

Figure  1.  Karyotypes  of  22,  24  and  26  chromosomes  of  Janus  integer. 


HAPLOID  NUMBER 

Figure  2.  Genus-karyotypes  of  Symphyta,  based  on  published  data  (San- 
derson, 1971;  Nogusa,  1965;  Waterhouse  and  Sanderson,  1958;  Comrie, 
1938;  Maxwell,  1958;  Mackay,  1955).  Benson’s  (1950)  review  does  not 
give  sources  for  the  counts  given,  and  Sanderson’s  (1932)  counts  were  later 
shown  by  her  (Sanderson,  1971)  to  be  in  error;  counts  from  before  these 
two  and  pre-1932  sources  have  therefore  been  omitted. 
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had  a chromosome  number  of  22,  three  had  one  of  24,  two  had  one 
of  25,  and  one  had  one  of  26.  Karyotypes  of  22,  24  and  26  chromo- 
somes are  shown  in  Figure  1.  Because  of  the  small  size  of 
the  chromosomes,  we  could  not  determine  the  nature  of  the  poly- 
morphism, but  Robertsonian  changes  do  not  appear  to  be  involved. 
The  range  of  chromosome  numbers  between  22  and  26  is  probably 
continuous,  with  the  lack  of  a count  of  23  being  due  to  sample  error. 

This  is  the  second  report  of  intraspecific  variation  in  chromosome 
numbers  in  Symphyta.  Sanderson  (1971)  reports  that,  while  Eng- 
lish collections  of  Tenthredo  acerrima  consistently  had  a haploid 
number  of  18,  Scottish  collections  had  haploid  numbers  ranging 
from  18  to  21.  There  is  thus  a geographic  basis  to  the  T.  acerrima 
polymorphism  that  remains  to  be  searched  for  in  J.  integer. 

Chromosome  numbers  in  the  Apocrita  range  from  four  to  28, 
which  range  is  found  in  the  single  family  Formicidae  (Crozier, 
1970).  The  low  haploid  number  ( n — 9)  (Mackay,  1955)  of 
Cephas  cinctus,  combined  with  the  fact  that  generally  lower  num- 
bers have  been  reported  for  Parasitica  than  for  Aculeata,  suggested 
that  low  numbers  might  be  primitive  in  the  Apocrita.  However,  the 
discovery  that  another  cephid,  Janus  integer , has  high  chromosome 
numbers  indicates  that  high  numbers  are  as  likely  to  be  a primitive 
character  in  the  Apocrita  as  low  numbers. 

Karyotype  frequencies  are  best  considered  using  the  genus-karyo- 
type  concept  (Crozier,  1970),  in  order  to  minimize  the  effects  of 
different  intensities  of  sampling  between  genera.  Under  this  con- 
vention, each  chromosome  number  is  counted  once  each  time  it  oc- 
curs in  a genus,  irrespective  of  how  many  species  it  occurs  in.  The 
genus-karyotypes  known  for  the  Symphyta  are  shown  in  figure  2, 
where  it  can  be  seen  that  Janus  integer  has  the  highest  chromosome 
number  of  any  sawfly.  The  distribution  of  genus-karyotypes  is 
strongly  skewed,  suggesting  that  low  numbers  might  be  primitive 
for  the  Symphyta.  The  ranges  in  chromosome  numbers  of  the  fam- 
ilies Tenthredinidae  and  Cephidae  are  particularly  striking.  The 
gaps  in  these  ranges  might  indicate  polyploidy,  but  the  karyotypes 
of  too  few  species  are  known  to  give  much  support  to  this  suggestion. 

Summary 

Eight  males  of  Janus  integer  had  haploid  numbers  of  22,  24,  25 
and  26;  presumably  a larger  sample  would  have  yielded  counts  of 
23  as  well.  The  polymorphism  does  not  appear  to  be  Robertsonian 
in  nature.  The  significance  of  these  results  to  considerations  of 
hymenopteran  karyotypic  evolution  is  discussed. 
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SOME  REMARKS  ON  THE  FAMILY  JASCOPIDAE 
(HOMOPTERA,  AUCHENORRHYNCHA) 

By  J.  W.  Evans 

Honorary  Associate,  Australian  Museum,  Sydney,  N.S.W.,  Australia 

In  a recent  paper  a new  family  of  Homoptera,  the  Jascopidae, 
which  is  claimed  by  the  author  to  “represent  a group  of  organisms 
intermediate  between  the  Cercopidae  and  Cicadellidae”,  is  defined 
(Hamilton,  1971).  This  family  is  based  on  a single  nymph  found 
in  Canadian  amber  of  probable  Upper  Cretaceous  age  and  named 
Jascopus  notabilis  Hamilton. 

Insects  belonging  to  the  Cercopoidea  and  Cicadelloidea  have  a 
superficial  resemblance  but  there  are  several  important  features, 
both  of  a structural  and  a biological  nature,  in  which  they  differ. 
Among  the  more  important  of  the  former  are  the  armature  of  the 
hind  tibiae,  the  nature  of  the  tentorium  and  the  venation  of  the 
forewings,  or  tegmina. 

The  hind  tibiae  of  adult  cercopoids  have  one,  or  a few,  strong 
spurs  and  lack  spines.  The  hind  tibiae  of  cicadelloids  are  usually 
heavily  spined  and  if  spurs  also  are  present  then  they  bear  spines  at 
their  apices. 

In  the  Cercopoidea,  as  in  the  Cicadoidea,  the  anterior  arms  of 
the  tentorium  are  joined  to  the  posterior  tentorial  bar.  The  anterior 
arms  in  the  Cicadelloidea  are  short  and  lack  any  connection  with 
the  posterior  arms. 

In  the  tegmina  of  cercopoids  Sc  is  present  (though  sometimes 
obscure)  as  a short,  curved  vein  and  M,  proximally,  usually  forms 
part  of  the  same  vein  as  CuA  but  never  of  R.  In  the  tegmen  of 
cicadelloids  a separate  Sc  is  lacking  and  M,  except  in  a few  mem- 
bracids  and  biturritids,  has  a common  stem  with  R. 

It  is  evident  that  the  characteristics  furnished  by  the  hind  tibiae 
and  the  tentorium  could  not  occur  in  a state  intermediate  between 
the  cercopoid  and  cicadelloid  condition  but  this  does  not  apply  to  the 
venation  of  the  tegmina,  for  a pattern  of  venation  could  be  devised 
which  might  be  regarded  as  ancestral  to  those  of  both  superfamilies. 

Unfortunately,  the  venation  of  the  tegmina  of  the  Jascopidae  is, 
and  must  remain,  unknown.  It  needs,  however,  to  be  mentioned  that 
evidence  based  on  a study  of  venation  suggests  that  by  as  early  as 
Permian  times  the  Cercopoidea  and  the  Cicadelloidea  were  already 
established  as  separate  distinctive  groups  (Evans,  1964). 
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Hamilton’s  reasons  for  regarding  the  Jascopidae  as  intermediate 
between  these  two  superfamilies  are  based  on  evidence  provided  by 
the  head,  legs,  and  abdomen.  In  respect  to  the  head,  his  statement 
that  all  Cicadellidae  lack  an  epistomal  suture  is  incorrect  for  such 
a line  of  weakness  is  retained,  not  only  in  the  adults  of  a few  spe- 
cies, but  also  in  their  nymphs  (e.g.  Tartessus  spp.).  The  armature 
of  spines  on  the  femora,  and  on  the  sides  and  apices  of  the  hind 
tibiae,  though  sometimes  helpful  in  determining  subfamily  affinities, 
is  of  such  a varied  nature  as  to  be  unlikely  to  provide  characters  on 
which  deductions  of  remote  evolutionary  significance  can  be  based. 
Abdominal  shape,  likewise,  can  be  of  little,  if  any,  diagnostic  im- 
portance. 

Although  the  apparent  lack  of  spines  on  the  hind  tibiae  of  Jasco- 
pus  notabilis  Hamilton,  and  the  presence  of  two  rows  of  apical 
spines,  may  be  characteristics  without  special  phylogenetic  signifi- 
cance, the  length  of  the  hind  tibiae  of  this  insect  and  the  nature  of 
the  spinulation  of  its  middle  legs  suggest  to  the  present  author  that, 
without  doubt,  it  belongs  to  the  family  Cicadellidae  of  the  super- 
family Cicadelloidea. 
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THE  PROTHORAX  OF  COLEOPTERA: 

ORIGIN,  MAJOR  FEATURES  OF  VARIATION1 

By  T.  F.  H la  vac2 

Biological  Laboratories,  Harvard  University, 

Cambridge,  Massachusetts 

Introduction 

The  unique  evolutionary  success  of  the  order  Coleoptera  is  a re- 
sult of  great  size  combined  with  enormous  biological  diversity.  The 
huge  number  of  species  (ca.  280,000)  is  arrayed  across  a broader 
ecological  spectrum  than  that  of  any  other  group  of  terrestrial  ar- 
thropods. Four  adaptive  zones  have  been  extensively  occupied : sur- 
face, substrate,  aquatic,  aerial.  Higher  categories  of  beetles  are, 
with  exceptions,  very  broad,  overlapping  adaptive  radiations.  This 
evolutionary  complexity  is  associated  with  great  structural  variation 
and  a small  number  of  basic  adaptations,  particularly  in  the  locomo- 
tory  system. 

Because  the  Coleoptera  are  a series  of  replicated  experiments  in 
ecological  differentiation,  the  group  may  be  used  for  studying  a suite 
of  problems  in  the  evolution  of  adaptation.  And,  because  beetles  are 
such  a large,  diverse  and  ubiquitous  group  of  insects,  they  should 
have  a place  as  subjects  for  developing  and  refining  modern  syste- 
matic methodologies.  Work  at  these  two  superficially  different  levels 
has  been  hindered  or  made  unfeasible  (q.  v.  Brundin  1972:  72)  by 
the  lack  of  a firm  foundation  of  comparative  morphology. 

Most  work  on  comparative  structure  of  beetles  suffers  from  one 

A preliminary  version  of  this  work  was  submitted  as  part  of  a Ph.D. 
thesis  to  the  Biology  Department,  Harvard  University. 

2I  thank  Drs.  R.  A.  Crowson,  H.  E.  Evans,  J.  F.  Lawrence,  E.  Mayr, 
and  E.  O.  Wilson  for  many  useful  comments  on  the  manuscript.  Work  on 
thoracic  morphology  has  been  supported  by  NSF  grants  GB  19922  (Reed 
C.  Rollins,  Harvard  University,  Principal  Investigator),  GB  12346  (P.  J. 
Darlington,  Jr.,  Harvard  University,  Principal  Investigator),  and  GB 
31173  (F.  M.  Carpenter,  Harvard  University,  Principal  Investigator). 
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or  more  of  the  following  limitations:  small  and/or  poorly  chosen 
sample ; superficial  analysis  of  raw  data,  or  none  at  all ; impoverished 
treatment  of  adaptive  phenomena.  There  are  few  even  moderately 
comprehensive  studies  of  structural  variation;  see  Arnett  (1967)  for 
list  and  brief  descriptions.  And,  many  glaring  problems  have  not  been 
dealt  with.  For  example,  prothoracic  characters  have  long  been  used 
in  subordinal  diagnoses,  yet  detailed  comparisons  of  representatives  of 
each  taxon  have  not  been  made. 

Since  ecological  differentiation  and  thoracic  adaptation  are  so  in- 
timately related,  understanding  the  locomotory  system  is  particularly 
important  for  the  future  development  of  beetle  systematics.  Due  to 
size  and  diversity  of  the  group,  work  on  this  functional  complex  is 
neither  easy  nor  quickly  accomplished.  The  only  feasible  compromise 
is  to  select  a natural  subunit  of  this  system  for  detailed  study.  The 
prothorax  is  the  obvious,  initial  choice. 

Prothoracic  structure  and  mechanics  are  simple  as  compared  to 
those  of  the  two  pterothoracic  segments  where  both  ambulatory  and 
flight  functions  are  combined.  Differences  in  size,  structure  and  func- 
tion in  the  prothorax  are  readily  perceived  and  correlated  with  phys- 
ical demands  of  various  environments.  Furthermore,  details  of  pro- 
thoracic mechanisms  are  commonly  diagnostic  of  higher  categories. 
The  interplay  between  adaptive  phenomena  and  historical  develop- 
ment in  the  prothorax  is  considered  below  at  2 levels:  origin  of  the 
coleopterous  prothorax  and  variation  within  the  two  biologically 
diverse  suborders. 

The  generalizations  and  evolutionary  hypotheses  presented  here 
are  based  on  dissection  of  over  600  selected  genera,  and  external  ex- 
amination of  many  others.  Raw  data,  primarily  drawings,  group 
diagnoses,  and  discussions  of  variation  within  major  taxa,  will  be 
presented  elsewhere  as  will  results  of  a current  study  of  pterothoracic 
structure. 


Basic  Structure 

The  walls  of  the  rigid,  cylinder-like  prothorax  of  Coleoptera  are 
always  formed  by  the  notum  dorsally,  by  the  sternum  ventrally,  and, 
in  some  forms,  the  pleuron  forms  distinct  lateral  walls  (figs.  1-9). 
The  trochantin,  a small,  sometimes  movable  sclerite,  is  attached  to 
the  sternum  and  pleuron  and  along  with  the  latter  articulates  with 
the  coxa,  the  basal  leg  segment  (figs.  2,  7 Tn).  The  coxa  also 
rests  on  and  sometimes  mechanically  articulates  with  the  posterior 
section  of  the  sternum  — the  cryptosternum  (fig.  7 CrS). 
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Almost  without  exception,  the  pleuron  is  divided  into  an  external 
section  and  an  internal,  invaginated  region,  the  endopleuron,  that  is 
concealed  by  the  notum  (figs.  2,  7,  9,  PI,  EndPl).  The  rim  of  the 
external  portion  may  be  completely  folded  over,  broadly  so  anteriorly 
and  posteriorly  to  form  flanges,  parts  of  paired  articulation-collars 
and  quite  narrowly  so  ventrally  forming  half  of  membranous  sternal 
and  trochantinal  attachments  and  part  of  the  coxal  articulation  (figs. 
2,  4,  9 ANFL,  APLFL,  PNFL,  PPLFL,  RFM,  AF,  VF,  PF). 

These  anterior  notal,  sternal,  and  sometimes  pleural  flanges  pro- 
duce a complete  articulation-collar  or  socket  which  encloses  the  pos- 
terior aspect  of  the  head,  cervical  membrane,  and,  if  present,  cervical 
sclerites.  Likewise,  the  posterior  notal  flange,  and  sometimes  a pleural 


Figs.  1-5.  Prothoraces  of  Archostemata  and  Myxophaga. 

Figs.  1,  2.  Lateral  external  and  internal  views  of  Priacma  serrata  (Ar- 
chostemata, Cupedidae). 

Figs.  3,  4.  Same  of  Pryopteryx  britskii  (Myxophaga,  Torridinicolidae). 
Fig.  5.  Lateral  view  of  Hydroscapka  natans  (Myxophaga,  Hydrosca- 
phidae). 

Margins  of  enclosed  structures  indicated  by  dashed  lines. 
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flange  as  well,  form  an  incomplete  collar  enclosing  part  of  the  meso- 
thoracic  rim  and  some  intersegmental  membrane  ( fig.  8 ) . 

The  fold  forming  the  anterior  sternal  flange  may  continue  dorsally 
to  join  with  a pleural  or  notal  rim  fold  and  then  extend  ventrally 
to  form  a membrane  enclosing  joint  with  the  trochantin.  Below  the 
trochantin,  the  sternum  generally  bears  a shelf-like,  poorly  pigmented, 
concave  region,  the  cryptosternum,  which  supports  and  is  concealed  by 
the  coxa  (figs.  7,  9 CrS).  The  cryptosternum  also  bears  a pair  of 
invaginations  or  apophyses  close  to  the  posterior  margin.  Frequently, 
the  sternum  is  evaginated  medially,  forming  a projection  which  may 
extend  between,  behind,  and  sometimes  above  the  coxa.  Sometimes 
a second,  smaller  sternallar  projection  is  present  as  well  (fig.  7 Spj, 
SLpj).  A complete  posterior  collar  is  commonly  formed  from  union 
of  either  of  these  projections  with  notal  or  pleural  projections  (figs. 
33.  43,  46,  48,  62,  64). 


Subordinal  Differences  and  the  Hypothetical 
Stem  Configuration 

There  are  major  differences  in  pleural  size,  structure,  motility  and 
in  its  trochantinal  attachment  among  the  four  suborders  of  Coleop- 
tera.  Subordinal  configurations  can  be  diagnosed  as  follows. 

archostemata.  Pleuron  large,  rigid,  forming  lateral  wall  of 
segment.  Trochantin  motile,  external.  Anterior  pleural  flange  exter- 
nal, small  and  enclosed,  or  absent  with  internal  anterior  fold.  Ster- 
nal joint  membranous  to  solidly  fused  (figs.  1,  2,  11,  12,  14). 

myxophaga.  Pleuron  variable  in  size  (figs.  3-5),  rigid,  fused  to 
trochantin.  Anterior  pleural  flange  external  or  enclosed  (figs.  3-5). 
Sternal  joint  membranous. 

adephaga.  Pleuron,  a prominent  part  of  body  wall,  rigid.  Tro- 
chantin, small,  motile,  enclosed  along  with  coxal  articular  region  by 
pleural  and  sternal  cowlings.  Anterior  pleural  flange  absent,  ante- 
rior fold  internalized  by  union  of  notal  and  sternal  flanges  (figs.  8, 
9,  13,  61-65).  Sternal  joint  fused. 

polyphaga.  Pleuron  greatly  reduced  in  size  and  fused  to  tro- 
chantin; this  highly  variable  compound  structure  may  be  motile  and 
contribute  to  coxal  movement,  and  may  be  completely  enclosed.  No- 
tum  and  sternum  attached  anterior  to  pleuron  to  form  body  wall. 
Anterior  pleural  fold  and  zone  of  fusion  between  pleuron  and  tro- 
chantin present  in  a few  primitive  groups.  Sternal  joint  membranous 
to  solidly  fused  (figs.  6,7,  15-17,23-55). 
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In  addition,  rim-fold  joints  between  body  wall  sclerites  and  mov- 
ing parts  are  very  widely  distributed  within  the  Coleoptera. 

Prothoracic  configurations  of  extant  forms  can  be  derived  from 
a single  hypothetical  stem  form  diagnosed  as  follows. 

HYPOTHETICAL  stem  configuration:  Pleuron  large,  rigid, 

forming  distinct  part  of  body  wall,  with  broad  anterior  and  posterior 
flanges;  attached  by  rim-fold  joints  to  notum  and  sternum.  Endo- 
pleuron  present.  Trochantin  external,  motile.  A complete  anterior 
collar  and  partial  posterior  collar  enclose  most  of  the  intersegmental 


Figs.  6-9.  Prothoraces  of  Polyphaga  and  Adephaga. 

Figs.  6,  7.  Lateral  external  and  internal  views  of  Omalium  marginatum 
(Polyphaga,  Staphylinidae).  [See  text  and  captions  of  Figs.  25-55  for  ex- 
planation of  Fig.  6A,  B]. 

Figs.  8,  9.  Same  of  Amphizoa  insolens  (Adephaga,  Amphizoidae). 
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membrane.  Peri-coxal  and  trochantinal  membrance  enclosed  by  cowl- 
ings on  pleuron,  sternum  and  trochantin  (fig.  24). 

Evidence  for  the  primitiveness  of  individual  characters  is  obtained 
from  both  extant  and  fossil  forms. 

The  tripartite  body  wall  and  anterior  collar  is  a major  feature 
of  the  archtypical  coleopterous  prothorax.  This  arrangement  is  geo- 
metrically the  simplest  way  of  producing  a sclerotized  cylinder  bear- 
ing paired  sockets,  i.e.,  through  anterior  development  and  folding  of 
dorsal,  lateral  and  ventral  elements  without  shift  in  relative  position. 
Pleural  size  and  structure  of  three  suborders  (Archostemata,  Ade- 
phaga, Myxophaga)  is  similar  to  that  of  the  stem  configuration  but 
differ  from  it  in  having  a reduced  or  internalized  anterior  flange. 

A relatively  small,  external,  anterior  pleural  flange  is  present  only 
in  some  extant  members  of  the  Archostemata  and  Myxophaga.  In 
other  members  of  both  groups,  the  flange  is  even  further  reduced  and 
enclosed  by  overlap  of  notal  and  sternal  elements  (figs.  1-5,  11,  12). 
In  one  group  of  Archostemata  (Cupdidae,  Ommadinae)  and  in  all 
Adephaga,  the  anterior  flange  is  absent,  and  a small  anterior  pleural 
fold  is  internalized,  frequently  by  membranous  connection  of  a lobe- 
like expansion  of  the  sternal  flange  with  the  notal  flange  (figs.  8,  9, 
13,  14).  In  some  Adephaga  and  Myxophaga  notal  and  sternal  flange 
rims  may  overlap  but  are  not  connected  (figs.  3,  8).  The  Myxo- 
phaga and  Adephaga  then  overlap  the  Archostemata  at  opposite  ends, 
of  this  morphocline. 

In  many  Mesozoic  Coleoptera  of  dubious  subordinal  position,  the 
notum  and  sternum  are  widely  separated  by  the  pleuron  (e.g.,  Pono- 
marenko 1969;  figs.  74,  102).  No  internal  evidence  is  available. 
However,  since  the  posterior  rim  of  the  head  is  clearly  enclosed  by 

Figs.  10-19.  Morphology  of  anterior  section  of  the  pleuron  and  surround- 
ing structures;  sclerites  slightly  disarticulated. 

Figs.  10-15.  Internal  views. 

Fig.  10.  Hypothetical  stem  configuration.  Fig.  10A.  Section  through  plcuro- 
sternal  joint. 

Fig.  11.  Priacma  serrata  (Archostemata,  Cupedidae,  Cupedinae). 

Fig.  12.  Cupes  concolor  (Cupedidae,  Cupedinae). 

Fig.  13.  Amphizoa  insolens  (Adephaga,  Amphizoidae) . 

Fig.  14.  T etraphalerus  wagneri  (Cupedidae,  Ommadinae). 

Fig.  15.  Generalized  Polyphagon. 

Figs.  16-18.  External  views  of  Polyphaga. 

Fig.  16.  Peltastica  turberculata  (Derodontidae) . 

Fig.  17.  Sarabandus  robustus  (Helodidae). 

Fig.  18.  Megarthrus  robustus  (Staphylinidae) . 

Fig.  19.  External  view  of  Priacma;  sections  included  above,  heavily 
stippled. 


130 


Psyche 


[September 


the  prothorax  in  these  forms,  it  is  reasonable  to  infer  the  existence  of 
a tripartite  anterior  collar.  In  other  fossil  beetles,  the  notum  and 
sternum  extend  in  front  of  the  pleuron.  This  could  represent  either 
a stage  of  anterior  pleural  reduction  as  in  figs,  3,  4,  12,  or  a distinct 
noto-sternal  joint.  The  evidence  is  ambiguous. 

Based  on  the  geometry  of  major  sclerites,  and  structural  variation 
in  extant  and  fossil  forms,  a three  element  body  wall  and  anterior 
collar  is  taken  to  be  primitive  for  Coleoptera.  The  distribution  of 
extant  forms  evolved  though  variable,  possibly,  parallel  reduction  of 
the  anterior  flange. 

A separate,  motile  trochantin  occurs  in  the  Archostemata,  Ade- 
phaga  and  in  other  holometabolous  orders.  The  trochantin  and  pleu- 
ron are  fused  in  the  Myxophaga  and  Polyphaga.  A separate  tro- 
chantin is  doubtless  a primitive  trait  in  Coleoptera. 

The  almost  universal  presence  of  membrane  enclosing  rim-fold 
joints  between  major  sclerites,  and  moving  parts  within  both  extant 
and  fossil  forms  is  evidence  for  the  primitiveness  of  these  articula- 
tions within  the  Coleoptera.  A rigid  rim-fold  joint  is  produced  by 
medially  bending  the  edges  of  two  sclerites  to  form  a pair  of  flat- 
tened, normally  horizontal  articulation  surfaces  which  may  bear 
tongue-groove  devices  (fig.  10A).  Attachment  membrane  extends 
between  the  margins  of  the  two  sclerites  and  is  enclosed.  In  all  ex- 
tant forms,  the  body  wall  elements  are  connected  with  mebranous 
rim-fold  joints  (frequently  in  primitive  members  of  higher  taxa)  or 
are  solidly  fused  together,  sometimes  with  a distinct  internal  carina 
and  often  without  the  slightest  vestige  of  a suture  (figs.  9,  59,  50). 
Rigid  rim-fold  joints  seem  to  be  universally  present  in  fossil  Coleop- 
tera, as  well. 

Except  in  extreme  surface  grade  polyphagans,  membrane  around 
the  coxa  and  trochantin  is  enclosed  by  loose  rim-fold  joints  or  both 
structures  may  be  entirely  enclosed  by  cowlings,  see  below.  There 
is  no  obvious  membranous  band  between  moving  parts  in  the  fossil 
Coleoptera  depicted  by  Ponomarenko  (1969).  It  is  assumed,  then, 
that  rigid  and  loose  rim- fold  joints  are  primitive  characters  in  the 
Coleoptera. 

Except  for  the  Polyphaga,  Recent  suborders  and  early  fossil  Cole- 
optera are  similar  to  the  stem  configuration  in  basic  organization. 
The  major  differences  between  the  Adephaga,  Archostemata,  and 
Myxophaga  are  either  simple  modifications  of  structural  details  (re- 
duction of  anterior  pleural  flange,  trochantinal  fusion)  or  adaptations 
for  improving  structural  integrity  (enclosure  of  coxal  articular  re- 
gion and  trochantin  in  the  Adephaga).  The  great  differences  between 
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Polyphaga  and  other  Coleoptera  are  integral  parts  of  a unique  pleuro- 
coxal  mechanism. 

In  all  Polyphaga,  the  trochantin  and  pleuron  are  fused  together; 
in  a few  members  of  apparently  primitive  groups  (Staphylinoidea, 
Eucinetoidea)  the  structure  of  a distinct  internal  zone  of  fusion  be- 
tween the  two  sclerites  indicates  union  of  a pair  of  rim  folds  (figs. 
7,  24).  This  compound  structure  is  frequently  movable  and  can 
contribute  to  coxal  rotation  and/or  flexation.  Since  the  pleuron  is 
a moving  part,  it  can  not  contribute  to  the  rigidity  of  the  segmental 
wall,  and  is  greatly  reduced  in  length  and  width.  In  most  cases, 
pleural  height  is  so  reduced  that  the  coxal  apex  is  concealed  by  the 
notal  rim-fold.  A rigid  segment  is  obtained  by  anterior  attachment 
of  notum  and  sternum.  Evidence  that  this  specialized  mechanism  has 
evolved  from  a configuration  with  a tripartite  body  wall  is  found  in 
what  are  probably  vestiges  of  the  anterior  pleural  fold  between  the 
notum  and  sternum  in  members  of  these  presumed  primitive  groups 
of  Polyphaga  (Eucinetoidea,  Staphylinoidea,  Derodontidae)  (figs. 
16-18).  The  major  muscle  powering  pleural  motility  in  the  Poly- 
phaga is  also  found  in  other  suborders,  but  its  function,  in  these 
groups,  given  rigid  external  pleural  walls,  is  problematical  (figs.  2, 
9 M12).  The  Polyphaga  can  therefore  be  derived  from  the  hypo- 
thetical configuration  through  modification  of  the  pleuro-coxal  mech- 
anism resulting  in  the  acquisition  of  pleural  motility. 

Prothoracic  Structure  of  the  Ancestral  Group 

It  is  generally  concluded  that  the  Holometabola  is  a strictly  mono- 
phyletic  taxon,  but  see  Matsuda  (1970:  215).  The  Coleoptera  and 
the  other  major  orders  are  believed  to  have  evolved  from  a general- 
ized stock  of  lower  Holometabola,  closest  to  Neuroptera  and  Mecop- 
tera  (Crowson  1956:  1,  i960:  111). 

There  are  enormous  differences  in  prothoracic  structure  between 
the  Coleoptera  and  other  Holometabola;  and  there  is  only  moderate 
variation  within  the  Lower  Holometabola.  Based  on  study  of  mem- 
bers of  all  major  groups,  it  is  possible  to  diagnose  a presumed  prim- 
itive configuration  as  follows : 

Generalized  Holometabolus  Prothorax:  Noto-pleural  joint, 
loose,  membranous.  Dorsal  portion  of  pleuron  enclosed  by  notum 
but  the  pleural  rim  only  narrowly  folded  over;  there  is  no  deep,  hori- 
zontal, endopleural  invagination  as  in  Coleoptera.  The  pleuron  does 
bear  a vetrical  invagination,  or  apophysis,  which  divides  it  into  an 
episternum,  anteriorly  and  an  epimeron,  posteriorly.  Pleural  apophy- 
sis fused  internally  to  sternal  apophysis.  Trochantin  motile,  closely 
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attached  to  pleuron  and  as  heavily  sclerotized  as  the  other  structures. 
Sternum  joined  only  internally  to  pleuron,  does  not  extend  in  front 
of  the  coxa.  Anterior  and  posterior  collars  absent,  coxal  articulation 
external  so  that  considerable  cervical,  intersegmental,  and  pericoxal 
membrane  is  exposed  (fig.  23). 

This  configuration  is  most  similar  to  the  extant  Australian  genus 
Ithone  (Neuroptera)  (fig.  20)  but  with  a large,  articulatory  tro- 
chantin,  as  in  the  Trichoptera  (fig.  22).  Reducing  the  trochantin 
while  maintaining  associated  musculature  may  be  a modification  for 
increasing  the  angle  of  coxal  flexation.  Division  of  the  pleuron  into 


Eps  _ _ 
CS_  __ 


Tn 


Figs.  20-22.  Prothoracic  structure  of  the  Lower  Holometabola. 

Fig.  20.  External  lateral  view  of  Ithone  sp.  (Neuroptera). 

Fig.  21.  Internal  lateral  view  of  Panorpa  virginica  (Mecoptera). 

Fig.  22.  External  lateral  view  of  coxal  articulation  of  Ptilostomis  ocel - 
Yifera  (Trichoptera). 
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Fig.  23.  Generalized1  Prothorax  of  the  Lower  Holometabola ; Fig.  24, 
Hypothetical  stem  prothorax  of  Coleoptera.  Membranous  regions  stippled. 

two  parts  by  an  apophysis,  or  pleural  suture  is  a common  feature  of 
pterothoracic  segments.  Among  Holometabola  this  arrangement  is 
preserved  in  the  prothorax  only  in  Ithone  and  a few  related  forms 
(fig.  20,  Eps,  Epm,  Invg).  In  the  Trichoptera,  a detached  epimeron 
is  present  (fig.  22).  In  all  other  Holometabola  the  posterior  rim  of 
the  apophysis  is  membranous.  Ventral  enlargement,  and  fusion  of 
sternum,  pleuron  and  even  the  cervical  sclerites  of  the  Corydalidae 
and  Raphidioidea  are  doubtless  specialized  features  readily  derived 
from  a generalized  configuration  (Kelsey  1954,  figs.  1,  7;  Ferris 
and  Pennebaker  1939,  fig.  61). 

Coleoptera  and  the  Ancestral  Group 
Differences  in  Prothoracic  Structure 

Comparison  of  the  generalized  holometabolous  prothorax  (GH) 
with  that  of  the  hypothetical  stem  coleopteran  (SC)  yields  differ- 
ences in  five  major  categories  (figs.  23,  24).  The  abbreviations  (GH 
and  SC)  are  employed  below  for  simplicity  and  to  emphasize  the 
fact  that  two  abstract  assemblages  are  being  considered  rather  than 
elements  of  actual  organisms. 

A).  Head-Prothoracic  Joint.  — In  SC  an  anterior  articulation- 
collar  composed  of  notal,  pleural  and  sternal  flanges  encloses  part  of 
the  head  and  all  cervical  membrane  as  well  as  the  cervical  sclerites. 
The  sternum  is  developed  anteriorly  and  joined  to  the  pleuron.  An 
articulation-collar  is  absent  in  GH,  the  head  may  be  slightly  en- 
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closed  by  the  notum,  cervical  membrane,  and  sclerites  are  exposed, 
and  the  sternum  is  not  externally  joined  to  the  pleuron. 

B) .  Pro-Mesothoracic  Joint.  — In  SC  a partial  posterior  articu- 
lation-collar is  formed  from  notal  and  pleural  flanges,  which  rest  on 
the  mesothorax  and  enclose  dorsal  and  lateral  intersegmental  mem- 
brane. Such  flanges  are  absent  and  intersegmental  is  exposed  in  GH. 

C) .  Not'O-Plenral  and  Pleuro-Sternal  Joints.  — In  SC  these  con- 
nections are  of  the  rim-fold  type  and  result  in  a rigid  frame  pro- 
thorax. The  horizontal  invagination  that  forms  the  endopleuron  is 
located  close  to  the  notal  rim.  In  GH,  the  noto-pleural  joint  is 
loose  and  there  is  neither  an  external  pleuro-sternal  connection  nor 
a broad  endopleuron. 

D) .  Trochantinal  and  Coxal  Articulations.  — In  SC  the  coxa 
and  trochantin  are  connected  to  one  another  and  to  the  sternum  and 
pleuron  via  loose  rim-fold  joints,  which  enclose  peritrochantinal  and 
pericoxal  membrane  (fig.  56).  Loose  rim-fold  joints  are  absent  in 
GH  and  these  membranous  regions  are  exposed. 

E.)  Attachment  of  Sternal  and  Pleural  Invaginations  (or  Apo- 
physes). — There  is  no  vertical  pleural  apophyseal  invagination  in 
any  extant  coleopteron;  the  sternal  apophyses  are  always  present.  In 
all  other  Holometabola,  both  sternal  and  pleural  apophyses  are  pres- 
ent, and  these  invaginations  are  solidly  fused  together  (fig.  21 ). 

These  differences  are  of  two  major  types,  those  that  result  in  the 
enclosure  of  membrane  between  moving  parts  (A,  B,  D)  and  one 
that  results  in  a rigid  frame  prothorax  (C). 

Origin  of  the  Coleopterous  Prothorax 

Major  features  of  the  hypothetical  stem  prothorax  of  beetles  re- 
sult in  great  improvements  in  structural  integrity  over  the  ancestral 
condition  due  to  development  of  rigidly  attached  segmental  walls, 
and  widespread  enclosure  of  membrane.  Two  differences  seem  to  be 
side  effects  of  an  increase  in  structural  stability.  An  anterior,  exter- 
nal sternal  attachment  provides  potentially  rigid  attachment  for  this 
sclerite  to  the  pleuron  or  notum,  and  permits  the  sternum  to  form 
the  ventral  body  wall,  and  part  of  the  anterior  collar.  An  internal 
attachment  can  give  only  rigidity.  To  have  both  is  redundant.  Loss 
of  both  the  internal  sterno-pleural  attachment  and  the  pleural  apo- 
physis itself  may  be  a structural  simplification  occurring  after  devel- 
opment of  a multi-purpose  anterior  sternal  attachment.  Parenthet- 
ically, the  line  of  fusion  between  the  posterior  rim  fold  and  the  body 
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wall,  is  sometimes  incorrectly  called  a pleural  suture  (—  apophysis) 
in  the  taxonomic  literature  especially  in  the  Adephaga. 

The  endopleuron  provides  increased  surface  area  for  muscle  at- 
tachment. It  is  argued  below  that  the  key  event  leading  to  the 
unique  coleopterous  locomotory  system  was  entrance  into  a substrate 
adaptive  zone.  Strength  and  power  are  both  important  in  substrate 
locomotion.  The  features  described  above  provide  increased  strength. 
The  endopleuron  is  part  of  a mechanism  for  improving  power  gen- 
eration. 

All  features  of  the  stem  prothorax  are  either  direct  improvements 
in  structural  integrity  or  ancillary  modifications. 

The  unique  structure  of  the  pterothorax  and  abdomen  of  Coleop- 
tera also  represents  a great  increase  in  structural  integrity  over  the 
ancestral  condition. 

In  Lower  holometabolous  groups,  the  pterothoracic  segments  and 
wings  are  quite  similar.  The  two  pairs  of  wings  are  membranous. 
There  are  generally  considerable  patches  of  exposed  membrane  be- 
tween abdominal  segments.  In  beetles  the  pterothoracic  segments 
and  wings  are  highly  differentiated  in  structure  and  function.  The 
mesothoracic  wings  of  beetles  are  modified  into  rigid,  heavily  sclero- 
tized  elytra  whose  rims  can  be  fitted  together,  via  a tongue-groove 
device,  and  which  also  lie  on  the  pleural  margins  of  the  pterothoracic 
and  abdominal  segments,  thereby  forming  a structurally  stable  unit 
protecting  abdominal  tergites  and  folded  wings.  The  abdomen  is 
reduced  in  relative  length,  does  not  often  extend  behind  the  elytra, 
and  the  sternites  are  connected  by  rim-fold  joints  or  are  solidly  fused 
together. 

The  membranous  metathoracic  flight  wings  are  folded  lengthwise, 
as  well  as  widthwise,  and  are  generally  completely  enclosed  at  rest, 
within  the  cavity  formed  by  union  of  the  body  and  elytra.  The 
pterothoracic  segments  themselves  are  also  highly  differentiated.  The 
metathorax,  which  houses  all  flight  muscles,  is  much  larger  and  high- 
ly modified  as  compared  to  the  mesothorax. 

The  characters  discussed  above  as  improvements  in  structural  in- 
tegrity or  side  effects  thereof  encompass  all  major  adult  diagnostic 
features  of  the  order  Coleoptera. 

Improvements  in  structural  integrity  can  be  responses  to  two  po- 
tentially quite  different  but  blendable  selection  pressures  involving 
locomotion  or  defense.  In  a surface  zone  ( i.e.,  crawling  on  a leaf) 
where  environmental  geometry  does  not  oppose  forward  motion,  high 
structural  integrity  can  be  the  mechanical  portion  of  an  anti-predator 
system.  For  example,  many  arthropod  predators,  even  relatively  large 
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ones,  are  unable  to  crush,  crack,  or  pierce  cuticle  but  must  attack 
through  vulnerable  membranous  zones.  Enclosing  membrane  hinders 
such  forms.  Of  course,  this  argument  applies  to  substrate  dwelling 
forms  as  well.  In  addition,  a substrate  form  not  dependent  on  in- 
terstitial spaces  must  generate  force  against  obstacles  to  make  prog- 
ress. Consequently,  features  increasing  structural  integrity  can  be 
adaptations  which  prevent  structural  deformation  as  those  locomotory 
forces  are  generated  and  also  prevent  membrane  from  coming  in  con- 
tact with  abrasive  materials.  Increasing  structural  integrity  can  be 
a defense  adaptation  in  either  zone  or  a locomotory  adaptation  in  a 
substrate  zone. 

Extant  members  of  the  groups  closest  to  the  presumed  ancestral 
stock  of  Coleoptera  are  surface  dwellers,  except  possibly  Merope 
(Mecoptera).  The  gross  structure  of  fossil  Lower  Holometabola 
is  similar  to  that  of  extant  forms  and  suggests  that  these  groups  have 
been  surface  grade  forms  throughout  their  long  history. 

Beetles  are  the  dominant  adult  insects  in  substrate  environments. 
Specialized  coleopterous  faunas  occur  in:  leaf  litter,  soil,  living,  dy- 
ing and  decomposing  woody  plants,  dung,  carrion,  etc.  In  each  hab- 
itat many  members  of  at  least  several  families  are  present.  However, 
a diverse  assortment  of  beetles  is  also  found  in  the  surface  zone,  par- 
ticularly on  vegetative  surfaces. 

The  major  diagnostic  features  of  Coleoptera  are  adaptations  for 
improved  structural  integrity.  Beetles  have  entered  and  radiated  in 
the  substrate  locomotory  zone;  and  many  higher  taxa  contain  sur- 
face dwellers  clearly  derived  from  substrate  grade  forms.  An  increase 
in  structural  integrity  can  either  be  an  adaptation  for  substrate  loco- 
motion or  for  mechanical  defense  against  predators.  These  facts  and 
assumptions  indicate  that  penetration  of  the  substrate  zone  and  de- 
velopment of  these  adaptations  are  related,  and  that  both  occurred 
rather  early  in  the  history  of  Coleoptera.  Within  the  framework 
provided  by  Bock  (1965),  then,  the  following  historical  diagnosis 
is  suggested. 

The  suite  of  unique  diagnostic  characters  of  Coleoptera  originated 
and/or  became  coordinated  as  a response  to  selection  pressure  for 
increased  structural  integrity  encountered  during  initial  entrance  and 
radiation  in  a substrate  locomotory  zone.  Individual  characters, 
which  may  have  originated  on  a surface  zone  as  a.  mechanical  defense 
adaptation  are  preadapted  for  a change  in  zone  and  shift  in  function. 
The  adaptive  transformation  of  the  coleopterous  prothorax  is  but  a 
part  of  the  large  scale  reorganization  of  the  locomotory  system  stim- 
ulated by  a major  change  in  ecology. 
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The  central  position  of  the  stem  configuration  here  is  an  artifact 
of  analysis.  Due  to  the  great  structural  discontinuity  and  lack  of 
intermediate  forms  between  Coleoptera  and  Lower  Holometabola, 
several  important  matters  can  not  be  considered.  In  the  preceding 
analysis,  then,  no  statement  is  made  or  implied  on : monophyly  of 
the  stem  form  and  extant  suborders,  parallel  or  convergent  develop- 
ment and  origination  sequences  of  structural  adaptations. 

Variation 

Of  the  four  suborders  of  Coleoptera,  only  the  Adephaga  and  Poly- 
phaga  are  large  and  biologically  diverse. 

Polyphaga.  The  great  size  (90%  of  known  beetle  species)  and 
taxonomic  confusion/complexity  (20  superfamilies,  ca.  155  fam- 
ilies) of  the  Polyphaga  makes  even  a limited  discussion  of  structural 
variation  quite  difficult.  A sampling  technique  can  be  used  to  facili- 
tate matters.  Much  of  prothoracic  diversity  consists  of  interwoven 
variations  on  a pair  of  adaptive  themes  — power  and  structural  in- 
tegrity. And,  strong  relationships  exist  between  biology,  structure 
and  prothoracic  volume.  These  variations  can  be  demonstrated  by 
comparing  forms  from  several  higher  taxa  which  differ  widely  in 
relative  prothoracic  size  (figs.  25-48). 

A stem  polyphagous  prothorax  may  be  diagnosed  as  follows : 

Primitive / Generalized  Polyphagous  Prothorax : Notal  volume 

low.  Noto-sternal  joint  membranous.  Notal  projection,  if  present, 
may  not  extend  below  trochantinal  apex.  Pleuron  motile.  Endo- 
pleuron  with  short,  broad  unconstricted  base  and  moderately  flared 
apex.  Coxal  articular  region  and  trochantin  large,  not  completely 
enclosed.  Sternum  does  not  reach  coxal  apex.  Sternal  projection 
does  not  extend  below  coxa  and  is  not  attached  to  the  notal  projec- 
tion forming  complete  collar,  but  may  be  flattened  and  extend  behind 
the  coxa  (figs.  6,  7,  23).  Vestiges  of  the  anterior  flange  and  zone 
of  fusion  between  trochantin  (figs.  16-18  AF)  may  be  present. 

This  sort  of  configuration  is  likely  to  be  primitive  for  Polyphaga, 
representing  a minimal  divergence  from  the  hypothetical  ancestral 
condition  and  it  is  frequently  associated  with  the  two  vestigial  pleural 
structures  noted  above.  The  adaptations  and  functional  specializa- 
tions, discussed  below,  are  absent  or  poorly  developed  in  this  pro- 
thorax. This  could  be  additional  evidence  for  primitiveness  or  could 
represent  a generalized,  though  advanced,  configuration  at  or  near 
the  midpoint  of  an  adaptive  spectrum.  In  either  case,  this  assemblage 
provides  a useful  reference  standard  in  discussing  adaptive  extremes. 


138 


Psyche 


[September 


1972] 


Hlavac  — Prothorax  of  Coleoptera 


139 


Since  a number  of  forms  are  to  be  compared  in  some  detail,  it  is 
convenient  to  treat  variation  separately  in  three  functional  units : 

1)  Size  (volume,  muscle  housing) 

2)  Pleuro-coxal  mechanism  (housing,  motility  of  coxa,  trochantin, 
pleuron ) 

3)  Intersegmental  attachment  (pro-mesothoracic  joint) 

Size.  Variation  in  muscle  volume  and  consequently  in  gross  pro- 
thoracic  size  represents  adaptive  equilibria  to  the  sharply  different 
power  requirements  of  substrate  and  surface  locomotion.  Obviously, 
compression  of  substrate  requires  more  power  than  simply  counter- 
ing the  force  of  gravity  on  a surface.  Changes  in  prothoracic  size 
are  most  easily  demonstrated  through  consideration  of  one  dimension 
height,  i.e.,  prothoracic  height  and  that  of  component  structures/ 
height  of  metathorax  plus  elytra  (=  Thi,  etc./Th3). 

In  the  high  volume  prothoraces  of  substrate  dwellers,  the  notum  is 
tall(Ni/Th3  ca.  60%),  the  sternum  extends  to  near  the  coxal  apex 
and  the  entire  assemblage  is  frequently  ca.  85%  TI13  (figs.  27,  29, 
32,  34,  37,  39,  42,  44,  47,  49).  At  the  other  extreme,  in  the  low 
volume  prothoraces  of  a surface  or  interstitial  space  inhabitants  the 

Figs.  25-49.  Prothoracic  variation  within  five  higher  taxa  of  Polyphaga. 
Each  set,  bounded  by  brackets,  compares  two  forms  differing  widely  in 
prothoracic  volume  and  consists  of  five  figures:  a pair  of  lateral  views, 
drawn  parallel  to  the  coxal  long  axis,  a smaller  pair  of  posterior  views 
and  a set  of  graphs  comparing  the  height,  length  and  width  of  the  pro- 
thorax with  the  dimensions  of  the  metathorax.  The  set  on  the  left,  e.g. 
fig.  29A,  contrasts  the  cumulative  heights  of  prothoracic  structures  expressed 
as  a percentage  of  height  of  metathorax  plus  elytra,  measured  at  the  level 
of  the  posterior  edge  of  the  noto-sternal  joint,  and  depicted  in  the  same 
order  as  the  drawings.  While  the  paired,  crossed  lines  on  the  right,  e.g. 
fig.  29B,  contrast  the  length  (vertical  line)  and  width  of  the  pronotum 
expressed  as  a percentage  of  maximum  width  of  metathorax  plus  elytra ; 
the  percentage  scale  on  the  right  applies  here  as  well. 

Figs.  25-29;  Elateriformia ; figs.  27,  28  Lutrochus  geniculatus  (Limni- 
chidae)  ; figs.  28,  29,  Perothops  muscida  (Perothopidae) . 

Figs.  30-34,  Cleroidea ; figs.  30,  31  Malachius  aenaeus  (Melyridae)  ; figs. 
32,  33,  T emnochila  chorodia  (Trogositidae) . 

Figs.  35-39;  Staphylinidae ; figs.  35,  36,  Philonthus  cyanttipennis ; figs.  37, 
38,  Trigonurus  crotchii. 

Figs.  40-44;  Cucujoidea;  figs.  40,  41,  Epicauta  pennsylvanica  (Meloidae)  ; 
figs.  42,  43  Alobates  pennsylvanica  (Tenebrionidae) . 

Figs.  45-49;  Scararbaeidae ; figs.  45,  46,  Euphoria  limbalis;  figs.  47,  48, 
Copris  fricator. 

Figs.  50-55  ; compaction  and  enclosure  in  Polyphaga.  Figs.  50-52,  lat- 
eral, posterior  view  of  prothorax  and  lateral  view  of  body  of  A gathidium 
sp.  ( Anisotomidae) . Figs.  53-55,  same  of  Chelonarium  lecontei  (Chelonari- 
idae).  See  text  for  explanation. 
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notum  is  low  (Ni/  TI13  ca.  35%),  the  most  ventral  point  of  the 
sternum  is  far  above  the  coxal  apex,  and  the  coxa  is  quite  elongate  so 
that  Thi/Th3  is  ca.  70%  (figs.  30,  34,  35,  39,  40,  45,  49).  Large 
changes  in  gross  prothoracic  size  are  associated  with  great  modifica- 
tion in  relative  sizes  of  structural  units  due  to  the  geometry  of  pro- 
thoracic  musculature. 

Major  locomotory  muscles  are  housed  within  the  notum  (Larsen 
1966,  fig.  64).  Sharp  increase  in  muscle  mass,  then,  implies  increased 
notal  volume.  And  notal  enlargement  effects  other  prothoracic  struc- 
tures. There  appears  to  be  a distinct  upper  limit  to  prothoracic 
height  in  most  taxa;  Thi/Th3  rarely  exceeds  90%.  Given  this 
boundary  to  vertical  growth,  large  notal  increase  is  accompanied  by 
sternal  reduction  and  coxal  modification.  The  complimentarity  of 
notal  and  sternal  heights  effects  coxal  structure. 

In  generalized  forms,  the  most  dorsal  point  of  the  coxa  is  level 
or  nearly  so  with  the  noto-sternal  joint  (fig.  6).  As  notal  height 
increases,  the  coxa  is  either  reduced  with  the  sternum,  maintaining 
initial  geometry  (fig.  27)  or  the  coxa  is  elongate  and  enclosed  deeply 
within  the  notum  (figs.  42,  45,  47).  Each  strategy  has  been  adopted 
numerous  times  in  the  Polyphaga,  while  only  the  former  occurs  in 
the  Adephaga  (figs.  8,  61,  65). 

Variation  in  prothoracic  length  and  width  are  correlated  with 
height.  The  width  of  a prothorax  is  rarely  greater  than  that  of  the 
metathorax  (figs.  29,  34,  39,  44,  49).  Prothoracic  height  and  width 
are  then  usually  limited  by  the  corresponding  dimensions  of  the 
largest  segment  of  the  body. 

Structure  of  substrate  grade  configurations  can  be  explained  as  an 
optimization  of  muscle  volume  given  geometric  limiting  factors. 
However,  prothoracic  structure  of  extreme  surface  grade  inhabitants 
represents  not  only  reduced  muscle  volume  but  also  a mechanism  for 
increasing  coxal  flexation,  see  below. 

Pleuvo-coxal  Mechanism.  This  complex  and  highly  variable  sys- 
tem divides  naturally  into  two  subunits  involving:  housing  and 

function  of  pleuron,  trochantin  and  coxa. 

Plousing.  Concealment  of  moving  parts  and  surrounding  mem- 
brane produces  improved  structural  integrity.  Enclosure  can  occur 
around  the  entire  coxal  perimeter,  dorsally  by  notal  and  sternal 
cowlings,  anteriorly  and  ventrally  by  the  sternum  and  sternal  projec- 
tion, and  posteriorly  by  the  notal  projection.  Dorsal  and  ventral 
enclosure  are  particularly  variable. 

Enlargement  of  rim  folds,  which  originally  protect  only  membrane 
around  the  coxa  and  trochantin,  forms  cowlings  that  partially  to 
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wholly  enclose  these  structures  as  well  as  surrounding  membrane 
(figs.  56-60).  Enclosure  is  accomplished  through  ventral  develop- 
ment (below  the  noto-sternal  joint),  overlap,  or  fusion  of  notal  and 
sternal  cowlings  (figs.  27,  57,  58,  60)  ; through  dorsal  development 
of  the  notal  cowlings  (figs.  5,  45,  47,  59)  ; or  through  a combination 
of  these  two  methods  (figs.  40,  44,  59). 

Ventrally,  the  sternal  projection  may  be  developed  below  the 
coxa,  thereby  protecting  the  most  ventral  section  of  pericoxal  mem- 
brane. A sterno-coxal  articulation  is  frequently  present  in  high  vol- 
ume forms  and  prevents  the  coxa  and  trochantin  from  being  deflected 
(figs.  27,  32,  42). 

Structures  which  increase  structural  integrity  by  enclosing  the 
coxa,  trochantin  and  surrounding  membrane  are  common  in  the 
Polyphaga  and  are  most  prevalent  in  but  not  restricted  to  substrate 
dwelling  forms. 

Function.  Coxal  movement,  the  end  product  of  the  pleuro-coxal 
mechanism,  consists,  in  the  Polyphaga,  of  rotation  and  sometimes 
flexation  as  well.  Rotation  is  simply  circular  movement  about  the 
coxal  long  axis.  Flexation  results  in  antero-posterior  motion  of  the 
coxal  apex  and  is  generated  only  through  movement  of  the  pleuron 
against  its  notal  attachment  (fig.  35).  The  coxa  rotates  but  does 
not  flex  against  the  pleuro-trochantinal  joint.  Each  type  of  coxal 
movement  is  most  suited  for  locomotion  in  one  adaptive  zone. 

Flexation  is  greatly  emphasized  in  many  low  notal  volume,  ex- 
treme surface  grade  forms  and  in  a few  cursorial  interstitial  space 
inhabitants  (figs.  30,  35,  40).  In  both  sites,  locomotory  require- 
ments for  power  are  minimal,  so  that  the  quantity  of  forward  mo- 
tion generated  per  stroke  is  a valid  measure  of  coxal  performance,, 
which  is  maximized  by  employing  a combination  of  rotation  and 
flexation.  The  effectiveness  of  flexation  is  a function  of  the  radius 
and  swing  angle.  The  radius  is  increased  by  lengthening  the  coxa. 
Anterior  and  posterior  clearances  are  necessary  for  a long  coxa  to 
traverse  a broad  arc.  Anterior  clearance  is  achieved  by  sternal  re- 
duction so  that  in  extreme  cases,  its  ventral  plane  lies  just  below  the 
trochantinal  apex  permitting  the  coxa  to  slide  under  the  sternal  rim 
(fig-  35)-  Posterior  clearance  is  obtained  by  reducing  and/or  flat- 
tening the  notal  projection  thereby  decreasing  the  amount  of  inter- 
segmental  overlap  and  exposing  membrane.  Modifications  permitting 
extensive  flexation  also  allow  a large  coxa  to  rotate  extensively.  A 
flexing  coxa  then  imposes  strict  design  limitations  on  surrounding 
structures. 

Rotation  is  the  sole  coxal  movement  in  almost  all  substrate  forms 
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and  is  compatible  with  high  muscle  volume  and  structural  integrity 
particularly  of  the  pro-mesothoracic  joint  (see  below).  In  many 
substrate  dwellers,  the  coxal  rotation  axis  is  distinctly  inclined  away 
from  the  vertical,  so  that  the  force  generated  by  coxal  movement 
has  a vertical  component  and  can,  for  example,  be  used  in  substrate 
compression  (figs.  33,  38,  48). 

Because  the  locomotory  needs  of  the  two  zones  are  met  not  only 
by  varying  muscle  volume  but  frequently  by  differences  in  coxal 
motility  as  well,  there  is  great  variation  in  internal  mechanism  in 
the  prothorax  of  Polyphaga.  In  flexing  forms,  the  endopleuron  is 
rather  small  and  does  not  extend  far  above  the  coxal  apex  (figs.  30, 
35).  This  arrangement  increases  the  distance  between  the  dorsal 
surface  of  the  endopleuron  and  notal  wall  and  reflects  an  increase 
in  the  major  generator  of  coxal  flexation  — the  noto-pleuralis  mus- 
cle. And,  of  course  the  noto-pleural  joint  is  membranous  and  highly 
motile. 

Some  of  the  important  coxal  rotator  muscles  and  part  of  the  femo- 
ral depressor,  a major  vertical  force  generator,  originate  on  the 
undersurface  of  the  endopleuron  (Larsen  1966:  143,  fig.  64).  In- 
crease in  volume  of  these  muscles  is  correlated  with  gross  notal  de- 
velopment and  is  diagnosed  by  a lengthened,  frequently  stalk-like, 
endopleural  base  with  an  expanded  apex.  Such  modifications  increase 
both  attachment  surface  area  and  the  distance  between  origin  and 
insertion  (figs.  23,  34,  37,  44).  In  many  forms  where  coxal  move- 
ment is  mechanically  restricted  to  rotation  by  the  notal  projection, 
the  pleuron  is  motile  and  the  noto-pleuralis  functions  as  an  indirect 
coxal  rotator.  But  in  many  substrate  dwellers,  and  others  as  well, 
noto-pleural  joint  is  solidly  sclerotized  so  that  pleural  motility  is 
lost.  In  some  of  these  cases,  the  endopleuron  lies  against  and  may 
be  solidly  fused  to  the  dorsal  notal  wall,  thereby  maximizing  the 
length  of  several  important  muscles.  Loss  of  a moving  part  — the 
pleuron  — could  also  be  an  improvement  in  structural  integrity  in 
these  “heavy  duty”  systems. 

Pro-Mesotkoracic  Joint.  Based  on  criteria  of  locomotory  func- 
tion, as  well  as  those  of  static  and  dynamic  structural  integrity, 
three  heterogenous  classes  of  intersegmental  attachment  can  be  dis- 
tinguished: motile,  rigid,  defensive.  In  many  substrate  inhabitants, 
prothoracic  motility  is  employed  to  push  and  compress  substrate  ; the 
prothorax,  as  a whole,  then,  is  part  of  the  locomotory  system.  In 
such  forms,  a complete  collar  formed  from  the  union  of  notal  and 
sternal  projections,  plus  a mesothoracic  clearance,  permits  the  pro- 
thorax to  move  through  a wide  arc  with  all  intersegmental  mem- 
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brane  enclosed  (figs.  32,  33,  41,  43,  45-48).  A complete  collar 
(sometimes  called  closed  coxal  cavities  in  the  taxonomic  literature) 
then  increases  the  structural  integrity  of  a major  body  joint  during 
movement  and  can  be  our  adaptation  for  substrate  locomotion. 

The  posterior  collar  is  only  partially  developed  in  many  Poly- 
phaga.  Commonly,  the  notal  projection  extends  to  the  level  of  the 
trochantinal  apex,  and  mechanically  restricts  the  coxa  to  rotation 
and  the  sternal  projection  extends  behind  the  coxa.  When  the  pro- 
thorax  is  in  its  most  ventral  position,  latero-ventral  intersegmental 
membrane  is  enclosed  but  will  be  exposed  if  the  prothorax  moves 
dorsally  (figs.  8,  26).  The  collar  is  least  developed,  providing  pos- 
terior clearance  in  forms  capable  of  extensive  flexation  (figs.  30,  35, 
40).  In  these  extreme  surface  grade  beetles,  prothoracic  movement 
does  not  contribute  directly  to  locomotion  but  may  aid  in  leg  place- 
ment in  a multi-planar  environment. 

In  a few  substrate  dwellers  (e.g.,  Histeridae),  the  prothorax  is 
rigidly  held  against  the  mesothorax  during  locomotion  and  the  en- 
tire dorsal  surface  of  the  squat  body  is  employed  to  compress  mate- 
rial. In  some  streamlined  aquatic  groups,  the  pro-  and  mesothorax 
are  tightly  joined,  sometimes  by  complex  interlocking  mechanisms, 
thereby  avoiding  potential  turbulence  during  swimming.  In  these 
two  cases,  a non-motile  joint  plays  a role  in  locomotion.  Frequently, 
a potentially  rigid  joint  is  an  important  part  of  an  anti-predator  de- 
fense system. 

As  pointed  out  above,  structures  increasing  structural  integrity 
can  be  adaptations  for  substrate  locomotion,  defense  against  preda- 
tors, or  both.  However,  several  specializations  of  the  pro-mesotho- 
racic  joint  and  peripheral  structures  function  exclusively  as  part  of 
an  anti-predator  system. 

Given  a thick  uncrackable  cuticle  and  widespread  enclosed  mem- 
brane, the  remaining  vulnerable  sites  are  the  appendages  and  the 
major  body  joints,  i.e.,  connections  between  head-prothorax,  pro- 
thorax-mesothorax,  metathorax-abdomen,  elytra-body. 

The  strength  of  the  pro-mesothoracic  joint  is  increased  in  some 
beetles  (esp.  Elateriformia)  by  a complex  series  of  interlocking 
mechanisms  involving  ball-socket  and  groove- ridge  devices  (figs.  25- 
28,  53-55).  Interlocking  occurs  apparently  only  after  attack  or  dis- 
turbance; during  walking  the  segments  are  widely  separated  expos- 
ing much  intersegmental  membrane. 

Appendages  can  be  protected  via  two  strategies:  compaction  and 
enclosure.  In  each  case,  a smooth  continuous  surface  is  formed  that 
offers  neither  purchase  for  crushing  mandibles  nor  a pathway  to 
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membrane  for  probing  beaks.  In  compacted  forms,  elements  of  the 
proleg  and  sometimes  the  mesoleg  as  well  are  drawn  tightly  together 
and  lie  in  thoracic  cavities,  so  that  exposed  leg  surfaces  are  flush 
with  one  another  and  with  surrounding  sclerites  (figs.  53-55)..  Fre- 
quently the  antennae  are  concealed  in  pronotal  grooves  and  the 
mouthparts  by  the  prosternum. 

In  a few  groups  of  Polyphaga,  the  antennae,  mouthparts,  front, 
and  sometimes  middle  legs  are  enclosed,  in  defense  position,  within 
a complex  cavity  formed  from  elements  of  the  head,  pro-  and  ptero- 
thorax  (figs.  50-52).  A “roll  up  in  a ball”  strategy  requires  exten- 
sive structural  and  mechanical  modifications  which  result  in  great 
reduction  of  prothoracic  volume. 

The  pro-mesothoracic  joint,  then,  varies  greatly  in  structural  in- 
tegrity and  may  contain  locomotory  and  defense  adaptations. 

Adephaga.  This  group  consists  of  a broad  adaptive  array  of  sub- 
strate and  surface  inhabitants  as  well  as  several  exclusively  aquatic 
families.  A uniform  pleuro-coxal  mechanism  and  high  degree  of 
structural  integrity  are  maintained  throughout  (see  subordinal  di- 
agnoses above).  Structural  variation  occurs  primarily  in  the  com- 
pleteness and  quality  of  the  posterior  articulation  collar,  which  is 
incomplete  only  in  a few  apparently  primitive  taxa.  In  all  major 
groups  of  ground  and  arboreal  carabids  the  collar  is  complete;  re- 
versal following  shift  in  zone  seems  unlikely  (Hlavac  1971).  Pro- 
thoracic  size  is  quite  variable  and  is,  of  course,  strictly  correlated 
with  ecology,  as  in  Polyphaga.  In  the  Adephaga,  prothoracic  elonga- 
tion is  particularly  important  and  is  graphically  seen  in  the  increased 
ventral  inclination  of  the  pleuro-sternal  joint  (figs.  61-65).  The 
pattern  of  prothoracic  evolution  in  the  Adephaga  is  similar  to  that 
found  in  several  biologically  diverse  higher  taxa  of  Polyphaga  with 
specialized  pleuro-coxal  mechanisms  and  relatively  little  structural 
variation,  e.g.,  Scarabaeidae  (figs.  45-49). 

Discussion 

As  seen  above,  similar  prothoracic  configurations  and  characters 
occur  in  members  of  unrelated  taxa  which  share  a common  band  on 
a broad  ecological  spectrum.  Reasons  why  convergence  and  paral- 
lelism are  an  important  aspect  of  prothoracic  differentiation  can  be 
seen  from  a consideration  of  the  relative  breadth  of  adaptive  pathway 
within  each  functional  variable  — structural  integrity  and  power. 
The  plasticity  of  structures  varying  morphological  strength  and  en- 
closure of  membrane  is  sharply  limited  by  geometry,  i.e.,  the  adaptive 
pathway  is  narrow.  For  example,  there  are  just  two  modes  of  pos- 
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terior  collar  completion.  Either  a medial  sternal  projection  or  lateral 
edges  of  the  cryptosternum  is/are  joined  to  notal  projections,  e.g., 
figs.  42,  43  vs.  50,  51.  The  presence  of  similar  collars,  differing  in 
minor  details,  in  numerous  groups  of  beetles  reflects  a broad  selec- 
tion pressure  acting  through  a narrow  gap-like  pathway.  And,  of 
course  the  probability  of  multiple  origin,  and  convergent  improve- 
ment is  quite  high  in  this  and  other  structural  integrity  improving 
adaptations. 

Variability  of  structures  increasing  prothoracic  power  generation 
is  limited  by  the  geometry  of  muscle  origins  and  insertions.  Sev- 
eral distinct  pathways  are  possible.  For  example,  figs.  27,  42,  47 
depict  a trio  of  high  volume  prothoraces  with  three  different,  spe- 
cialized pleuro-coxal  mechanisms  (as  compared  with  that  of  con- 
figurations differing  slightly  from  the  generalized  reference  standard, 
figs.  25,  32,  37).  In  two  cases,  the  endopleuron  is  fused  to  the 
notal  wall,  but  two  different  strategies  of  coxal  reaction  to  notal 
increase  have  been  employed  (figs.  27,  44).  In  figs.  45,  47,  deep 
coxal  internalization  is  also  employed  but  the  pleuro-coxal  mech- 
anism is  completely  different.  The  pleuron  is  reduced  and  attached 
to  the  coxa;  both  rotate  about  a notal  condyle.  In  each  of  these 
cases,  a specialized  pleuro-coxal  mechanism  is  uniform  throughout  a 
large,  biologically  diverse  higher  taxon  — i.e.,  superfamily.  And  each 
type  of  mechanism  is  present  in,  at  least,  several  unrelated  taxa. 
The  observed  diversity  of  internal  mechanics  in  high  volume  forms 
is  consistent  with  a relatively  specific  selection  pressures  having  acted 
through  a broad,  multi-solution  pathway,  followed  by  canalization. 

The  prothoraces  of  some  surface  dwelling  forms  are  simply  low 
in  volume  and  have  the  same  pleuro-coxal  mechanism  as  do  substrate 
inhabitants  of  the  same  taxon,  e.g.,  Adephaga,  Scarabaeoidea  (figs. 
45,  47).  On  the  other  hand,  the  design  limitations  of  a flexing  pro- 
coxa have  resulted  in  similar  configurations  in  the  several  groups  of 
surface  grade  beasts  that  have  adopted  this  locomotory  mode  (figs. 
30,  35,  40). 

Prothoracic  structure  is  then  sensitive  to  changes  in  locomotory 
biology  in  but  a limited  number  of  ways.  And,  the  broad  adaptive 
radiations  of  Coleoptera  may  be  documented  through  the  study  of 
prothoracic  morphology.  But  since  adaptive  pathways  are  so  narrow, 
convergence  so  common,  and  putatively  unique  paradaptive  features 
so  infrequent,  only  limited  evolutionary  conclusions  can  be  drawn 
solely  from  prothorax  morphology.  The  obvious  historical  questions 
on  ecological  differentiation  of  individual  higher  taxa  circumscribe 
a major  poorly  explored  area  of  beetle  systematics.  Useful  ideas  on 
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such  problems  as  the  ancestral  zone  and  factors  responsible  for  shift 
will  arise  however  from  integration  of  pro-and  pterothoracic  varia- 
tion. Limited  evidence  suggests  that  the  predominant  direction  of 
shift,  in  extant  forms,  has  been  from  substrate  to  surface,  coincident 
with  the  evolution  of  flowering  plants  and  peripheral  communities. 
Thus,  characters  increasing  power  and  improving  structural  integ- 
rity are  likely  to  be  primitive,  in  a statistical  sense,  within  the  Cole- 
op  tera. 

In  summary,  adaptive  responses  to  ecological  differentiation,  in- 
cluding initial  exploitation  of  the  substrate  zone  and  shifts  back  to 
the  ancestral  surface  locomotory  zone,  account  for  diagnostic  fea- 
tures of  the  coleopterous  prothorax  and  also  for  major  features  of 
variation. 


ABBREVIATIONS  USED  IN  THE  FIGURES 


AF  — anterior  fold 

AFL  — anterior  flange 

ANFL — anterior  notal  flange 

APLFL  — anterior  pleural  flange 

ASFL  — anterior  sternal  flange 

Cnd  — condyle 

CrS  — cryptosternum 

CS  — cervicle  sclerite 

Cw  — cowling 

CxBr  — coxal  bridge 

EndPl  — endopleuron 

Epm  — epimeron 

Eps  — episternum 

Is  Mb  — intersegmental  membrane 


Lb  — lobe 
N — notum 

N pj  — notal  projection 
PI  — pleuron 

PlAph  — pleural  apophysis 
PNFL  — posterior  notal  flange 
Pl-S  — pleuro-sternal  joint 
RFM  — rim  fold  margin 
S — sternum 

S Aph  — sternal  apophysis 
SL  pj  — sternellar  projection 
S pj  — sternal  projection 
Tn  — trochantin 
Zf — zone  of  fusion 
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NOTES  ON  THE  BIOLOGY  OF 
POLISTES  CARNIFEX  (HYMENOPTERA,  VESPIDAE) 
IN  COSTA  RICA  AND  COLOMBIA* 


By  Mary  L.  Corn 

The  Biological  Laboratories,  Harvard  University 
Cambridge,  Massachusetts  02138 

According  to  Bequaert  (1936),  Polistes  carnifex  (Fabricius)  is 
the  largest  representative  of  the  genus  in  the  Neotropics.  Its  distribu- 
tion extends  from  northern  Argentina  to  Mexico.  Little  is  known 
of  its  biology  or  behavior.  Bertoni  (1911)  described  a nest  from 
Paraguay;  Bequaert  (1936)  named  new  color  varieties;  Reid  (1942) 
studied  the  developmental  stages;  and  Weyrauch  (1942)  described 
a nest  of  P.  carnifex  var.  boliviensis  in  Peru.  These  authors  noted 
that  carnifex  builds  a pendant,  horizontal,  open-faced  nest  with  a 
single,  central  pedicel.  The  pedicel  is  covered  with  a tough,  dark, 
gelatin-like  material. 

My  observations  were  conducted  in  2 areas.  Site  A was  near 
Palo  Verde,  Guanacaste  Province,  Costa  Rica.  Six  nests  were  taken 
there  in  July,  1971,  in  the  rainy  season.  Site  B was  in  the  vicinity 
of  Cali,  Colombia,  where  I observed  an  individual  nest  for  over 
30  hours  over  a 2 week  period  at  the  close  of  the  dry  season  in  Jan- 
uary, 1972. 

At  Site  A the  six  nests  were  among  dozens  of  carnifex  nests  in 
various  low,  shrubby,  thorn  bearing  trees,  some  of  which  were 
legumes,  though  several  species  were  represented.  The  trees  grew 
along  the  edge  of  a large  seasonal  swamp.  Most  of  the  nests  were 
associated  with  (that  is,  in  the  same  tree,  less  than  1 m from)  large 
nests  of  a polybiine,  probably  Polybia  sp.  Rarely,  a third  wasp,  Mis- 
chocyttarus  sp.  nested  in  the  same  cluster.  Windsor  (1972)  has 
found  an  association  of  Polybia  and  Mischocyttarus  in  the  same 
province,  but  carnifex  was  rarely  found  in  it,  though  the  other  two 
species  are  possibly  the  same.  At  site  A,  the  nests  of  all  3 species 
sometimes  occurred  within  1 m of  each  other.  Since  many  trees  con- 
tained no  nests  of  carnifex  at  all,  the  distribution  seemed  non-ran- 
dom. The  association  of  carnifex  with  other  species  of  social  wasps 
has  not  been  reported  elsewhere. 

P.  carnifex  was  much  less  aggressive  than  its  size  might  suggest. 
Entire  nests  were  captured  safely  at  night.  Only  two  adults  were 

* Manuscript  received  by  the  editor  May  8,  1972. 
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Table  1 

Adult  populations  of  six  nests  of  Polistes  carnifex. 


Nest 

Associated 
with  Polybia 

Total  Adult 
Population 

Male 

Number  of  Females 
in  Each  Reproductive 
Class  (see  Text)* 
ABC 

2 

+ 

13 

1 

0 

1 

9 

3A 

+ 

13 

0 

4 

1 

6 

4 

+ 

8** 

2 

0 

1 

3 

B6a 

— 

8 

0 

0 

1 

5 

B6b 

— 

4 

..  0 

0 

0 

2 

B7 

— 

8 

0 

1 

0 

5 

* The  sum  of  males  and  females  listed  here  does  not  equal  the  total  popu- 
lation because  two  specimens  were  saved  for  identification  from  each  nest. 
**Two  specimens  escaped  from  this  nest;  therefore,  only  six  animals  were 

examined. 

known  to  have  escaped  and  both  of  these  were  from  nest  number  4. 
Three  of  the  nests  were  associated  with  polybiine  nests;  3 were  not. 

The  maximum  nest  size  was  about  9 cm  in  diameter.  In  one  nest, 
cells  from  which  at  least  one  emergence  had  occurred  had  an  aver- 
age length  of  27.8  mm  (s  = 2.770  mm).  In  all  of  the  nests,  the 
central  cells  were  in  at  least  their  second  cycle  of  brood,  that  is,  the 
age  of  the  nests  was  greater  than  1 according  to  the  terminology  of 
Richards  and  Richards  (1951). 

The  total  adult  population  on  these  nests  ranged  from  4 to  13 
(Table  1).  All  but  2 of  the  adults  from  each  nest  were  dissected. 
The  remainder  were  saved  for  identification  and  have  been  deposited 
in  the  Harvard  Museum  of  Comparative  Zoology  and  the  British 
Museum  of  Natural  History.  The  dissected  females  were  divided 
into  the  following  3 categories:  (A)  those  females  with  4 or  more 
full-sized  eggs;  (B)  those  females  with  1-3  full-sized  eggs;  and 
(C)  those  females  with  no  full-sized  eggs.  The  last  category  in- 
cluded 5 females  with  very  small  eggs.  Table  1 shows  that  not  all 
nests  included  a female  with  well  developed  ovaries.  Possibly  laying 
females  were  among  those  saved  for  identification. 

Table  2 shows  the  number  of  eggs,  larvae,  capped  cells  (pre- 
pupae and  pupae),  and  empty  cells  in  each  nest.  There  was  no 
clear  evidence  of  parasitism  in  any  of  the  nests.  In  3 cells,  there 
was  an  additional  egg,  but  these  eggs  seemed  to  be  carnifex  eggs, 
rather  than  parasites.  Ten  arbitrarily  selected  larvae  were  dissected. 
They  showed  no  evidence  of  parasitism. 

Unfortunately,  time  was  too  short  for  behavioral  studies  at  this 
site.  However,  it  is  clear  that  there  are  no  obvious  differences  be- 
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tween  associated  and  nonassociated  nests  in  the  incidence  of  para- 
sitism, the  size  of  the  adult  population,  or  the  average  number  of 
immatures  per  adult  female. 

The  nest  at  site  B was  under  the  eaves  of  a tin  roof  of  an  aban- 
doned house.  There  were  no  other  wasps’  nests  nearby.  The  nest 
structure  was  similar  to  that  of  the  Costa  Rican  nests,  except  that 
the  closed  cells  had  flat  recessed  caps  rather  than  convex  caps  as  in 
Costa  Rica.  These  cells  average  about  30.0  mm  in  overall  length 
(s  = 2.030  mm),  a mean  which  was  significantly  larger  than  the 
mean  of  the  Costa  Rican  nests  (Fisher-Behrens  test,  d — 2.8851, 
0 = 73°,  Vx,  v2  = 35,  10,  p < 0.05). 

Most  of  the  observations  on  this  nest  were  made  during  hours  of 
bright  sunshine,  when  the  wasps  forage.  The  2 adults  present  on 
the  nest  initially  were  marked  at  the  beginning  of  the  study.  Others 
were  marked  within  a day  or  2 after  emergence.  (See  Table  3.) 

The  number  of  cells  (28)  remained  constant  throughout  the  17 
days  of  observation.  Only  one  cell,  a peripheral  one,  was  observed 
being  enlarged.  The  queen  brought  in  a ball  of  freshly  macerated 
pulp  and  applied  it  herself,  after  unsuccessful  attempts  to  divide  it 
among  her  nestmates.  Her  behavior  in  applying  the  pulp  was  the 
same  as  that  described  by  Eberhard  (1969)  in  P.  fuscatus.  The 
queen  applied  the  load  with  her  mandibles,  while  holding  her  fore- 
tarsi on  either  side  of  the  wall  under  construction.  As  she  worked 
she  moved  her  antennae  in  circles  beside  her  head,  touching  the 
opposite,  parallel  wall  as  she  did  so.  According  to  Eberhard,  it  is 
the  antennal  contact  with  the  opposite  cell  walls  which  enables  the 

Table  3 

Seventeen  day  history  of  a five  membered  colony  of  Polistes  carnifex 
near  Cali,  Colombia.  The  solid  line  indicates  presence  on  the  nest.  The 
dashed  line  indicates  periods  of  foraging.  Female  No.  1 had  developed 
ovaries. 

Female 

No. 


2 f 

3 * f 

4 * 

5 * 

Jan.  Feb. 

16  18  20  22  24  26  28  30  1 

^emerged 


fdied  or  disappeared 
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wasp  to  form  straight  sides  on  the  inner  walls  of  the  cell.  Con- 
versely, it  is  the  lack  of  antennal  contact  along  the  outer  margin  of 
a peripheral  cell  which  causes  those  walls  to  be  rounded. 

Dominance  interactions  between  females  were  never  very  ag- 
gressive. The  highest  ranking  wasp  on  the  nest  invariably  received 
food  first  from  the  returning  forager.  The  higher  ranking  wasp 
generally  held  its  body  farther  from  the  substrate  than  the  sub- 
ordinate during  the  feeding  (see  Fig.  i).  The  solicitor  tilted  its 
head  to  one  side  during  the  exchange  and  antennated  the  face  of 
the  donor.  Occasionally,  the  solicitor,  and  especially  the  queen,  held 
onto  the  donor  and  prevented  her  escape. 

Dominance  interactions  unrelated  to  food  exchange  were  rare. 
In  one  of  the  few  observed,  the  queen,  apparently  unprovoked, 
moved  toward  the  third  ranking  individual  and,  holding  her  with 
her  prothoracic  legs,  began  to  bite  the  subordinate  about  the  man- 
dibles, eyes,  neck,  thorax  and  wings.  The  subordinate  held  her  body 
very  close  to  the  nest.  When  she  tried  to  back  away,  the  queen 
held  her  and  began  biting  more  vigorously.  When  the  attack  ceased, 
the  subordinate  retreated  to  a position  on  top  of  the  nest,  while  the 
queen  returned  to  the  face  of  the  nest. 

When  I disturbed  the  nest  severely,  the  wasps  showed  typical 
threat  behavior.  At  low  intensities,  the  wasp  faced  the  disturbance 
and  raised  and  spread  its  wings.  At  higher  intensities,  the  aroused 
individual  buzzed  its  wings  in  short  bursts.  It  was  this  action  which 
seemed  to  arouse  the  nestmates.  If  the  disturbance  was  very  in- 
tense (as  when  I was  marking  the  wasps)  the  females  would  fly 
off  the  nest  and  circle  it  a few  feet  away.  After  such  intense  dis- 
turbances, buzzing  threat  displays  continued  for  up  to  io  minutes. 

Foragers  about  to  leave  the  nest  held  themselves  erect  on  the 
nest,  buzzed  their  wings  loudly,  paused  for  a moment,  and  then 
took  off.  A brief  orientation  flight  generally  followed.  The  re- 
turning foragers  sometimes  made  a number  of  approaches  before 
alighting  on  the  nest.  Occasionally  the  wasp  landed  on  a rafter 
adjacent  to  the  nest,  groomed  for  a moment,  and  then  took  off  and 
landed  on  the  nest  immediately.  The  queen  herself  made  5 of  the 
29  foraging  trips  seen  in  this  study.  On  the  29  trips,  the  foragers 
brought  25  loads  of  nectar,  3 loads  of  macerated  greenish-gray  prey, 
and  1 load  of  pulp. 

The  returning  forager  fed  the  highest  ranking  resident  first  and 
then  she  and  the  solicitor  fed  the  larvae  (see  Fig.  2).  The  wasps 
stuck  their  heads  into  the  cells  and  then  rapidly  antennated  the  op- 
posite wall  of  the  cell.  The  sound  produced  by  the  antennae  striking 
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the  cell  was  easily  audible  at  a distance  of  i m from  the  nest.  Pos- 
sibly this  behavior  alerted  the  larvae  to  the  food  offering.  After 
feeding  2 or  3 larvae,  the  forager  usually  groomed  briefly  and  then 
took  off.  The  entire  exchange  sometimes  took  as  little  as  2 minutes. 
When  a third  wasp  was  present  on  the  nest,  it  sometimes  tried  to 
steal  food  during  the  exchange.  In  one  case,  when  the  third  wasp 
managed  to  obtain  a large  amount  of  nectar,  the  exchange  ended 
with  the  donor  biting  the  intruder. 

As  the  queen  moved  about  the  nest,  she  often  dragged  her  ab- 
domen across  the  face  of  the  nest,  and  moved  it  slightly  from  side 
to  side  in  the  process.  Other  wasps  showed  the  same  behavior  but 
less  consistently.  The  queen  and  the  second  ranking  female  both 
showed  a peculiar  behavior  of  rubbing  their  abdomens  over  the 
pedicel  of  the  nest;  the  queen  twice  and  the  second  ranking  female 
4 times.  A similar  behavior  was  reported  by  Jeanne  (1970)  in 
Mischocyttarus  drewseni.  He  showed  that  wasps  in  that  species 
were  depositing  a substance  which  is  repellent  to  ants. 

On  only  one  occasion  was  the  queen  observed  eating  an  egg.  The 
process  took  about  3 minutes.  She  did  not  lay  another  egg  in  the 
cell.  In  fact,  I did  not  see  any  of  the  wasps  ovipositing  during  all 
of  my  observations,  though  nest  records  show  that  they  must  have 
laid  at  least  4 eggs  during  the  17  days.  At  the  end  of  the  observa- 
tion period,  the  queen  was  dissected  and  found  to  contain  4 ripe 
eggs  and  a full  spermatheca. 

Conclusion 

The  behavioral  repertoire  of  this  wasp  is  very  similar  to  that  of 
P.  canadensis  as  reported  by  Eberhard  (1969).  The  size  and  gen- 
tleness of  this  wasp  make  it  very  suitable  for  behavioral  observa- 
tions. The  association  of  P.  carnifex  with  other  social  wasps  has 
not  been  reported  outside  of  'Costa  Rica.  Data  on  the  nesting  suc- 
cess in  associated  and  non-associated  nests  are  needed  to  determine 
what  advantage,  if  any,  Polistes  carnifex  receives  or  confers  in  this 
association. 
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VARIATION  IN  CELL  NUMBER  IN 
A POPULATION  OF  BEMBIX  AMERICANA 
(HYMENOPTERA:  SPHECIDAE)* 

By  John  Alcock 

Department  of  Zoology,  Arizona  State  University, 

Tempe,  Arizona  85281 

This  paper  reports  the  results  of  observations  made  during  the 
summers  of  1971  and  1972  on  a small  group  of  Bembix  americana 
Fabricius  nesting  in  a vacant  lot  in  Seattle,  Washington.  This  pop- 
ulation was  judged  to  be  intermediate  to  comata  Parker  and  spinolae 
Lepeletier  at  the  subspecific  level  (H.  E.  Evans,  pers.  comm.). 

Probably  no  North  American  digger  wasp  has  been  more  thor- 
oughly studied  than  B.  americana  (Evans  1957,  1966;  Evans  and 
Matthews  1968).  However  there  has  only  been  one  report  of  this 
species  making  nests  with  more  than  a single  cell  (Parker  1925). 
Evans  (1966)  notes  the  uniqueness  of  this  account  and  the  difficulty 
of  accurately  digging  out  nests  in  dense  colonies.  Nevertheless  in 
the  course  of  my  work  I discovered  that  some  of  the  wasps  in  Seattle 
were  making  multi-celled  nests.  The  evidence  for  this  is  presented 
here  as  well  as  data  on  the  nest  building  behavior  of  marked  females 
over  a period  of  time. 

The  Nesting  Area 

Eleven  species  of  sphecids  and  pompilids  nested  in  a 13  m section 
of  an  old  path  running  through  a grassy  area  in  a vacant  lot  in 
Seattle.  The  lot,  which  was  largely  covered  with  blackberry  bushes 
(Rubus  laciniatum) , bordered  Lake  Washington  and  was  within 
sight  of  the  University  of  Washington.  The  nesting  area  was  rel- 
atively open  and  somewhat  less  pebbly  than  other  parts  of  the  path. 
However,  only  a few  places  were  truly  sandy  and  most  nests  trav- 
elled in  part  or  in  whole  through  hard-packed  gravelly  earth  with 
pebbles  up  to  5 cm  in  diameter  present. 

The  2 most  abundant  species  in  the  aggregation  were  Philanthus 
crabroniformis  Smith  and  B.  americana ; at  the  peak  of  the  nesting 
season  there  may  have  been  as  many  as  40  americana  nests.  In  the 
summer  of  1971  a group  of  nests  were  marked  and  closely  watched 
for  periods  of  1-3  hr  almost  every  day  between  July  24  and  August: 

* Manuscript  received  by  the  editor  September  30,  1972 
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14.  The  duration  of  activity  at  a burrow  and  the  excavation  of  se- 

lected  nests  showed 

that  some  females  constructed  burrows  with  1, 

2,  or  3 cells  (Table 

1). 

Table  1.  The 

number  of  cells  per  nest  of  Bembix 
in  Seattle,  Washington  (1971). 

americana 

A.  Excavated  Nests 

Duration  of  Observed 

Number  of  Cells 

Activity  at  Nest 

Nests  1-3 

9*,  10*  14  days 

3 

Nests  4 

13 

3? 

Nests  5-10 

8,  8,  9,  9,  9,  10 

2 

Nests  11-13 

2,  4,  6 

1 

Probable 

B.  Unexcavated  Nests 

Number  of  Cells 

Nests  14-15 

12,  13 

3 

Nests  16-17 

11,  11 

2-3? 

Nests  18 

8 

2 

Nests  19-20 

7,  7 

1-2? 

Nests  21-22 

4,  5 

1 

*Nest  still  active  when  excavated;  third  cell  contains  fly  with  egg. 

Nest  4 — 3 cocoons  located  but  details  of  the  side  burrows  were  unclear. 


Results 

Table  1 summarizes  the  results  of  observation  and  excavation  in 
1971.  Two  points  should  be  made  here.  (1)  In  many  cases  activity 
at  a nest  was  not  seen  until  the  female  had  begun  provisioning  a 
cell.  This  means  that  the  over-all  length  of  activity  at  some  nests  is 
underestimated  by  2 or  3 days.  (2)  Throughout  the  observation 
period  weather  conditions  were  such  that  females  were  able  to  work 
for  a period  of  2 wk  or  more  almost  without  interruption  because 
of  rain. 

A variety  of  nests  are  illustrated  in  Fig.  1.  Judging  from  the  2 
cases  in  which  a third  cell  was  found  containing  a fly  and  egg,  fe- 
males building  three-celled  nests  first  dug  a more  or  less  straight 
burrow  leading  to  an  initial  cell.  After  completion  of  the  provision- 
ing of  the  first  cell,  a second  one  was  added  by  digging  a side  bur- 
row off  at  a right  angle  (more  or  less)  from  the  main  burrow. 
After  this  cell  was  dug  and  fully  provisioned,  a third  burrow  was 
constructed  off  the  second  cell  burrow.  This  shaft  circled  back  to- 
ward or  under  the  main  tunnel  with  the  cell  located  well  under  the 
entrance  to  the  nest. 
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Figure  1.  A view  from  above  of  a selected  sample  of  nests.  The  cells 
are  numbered  in  the  order  in  which  they  were  built  (at  the  time  of  ex- 
cavation cell  1 held  a cocoon,  cell  2 contained  a larva,  and  cell  3 held  a 
fly  with  an  egg). 
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The  fact  that  wasps  were  building  i,  2 or  3 celled  nests  raised  the 
question,  could  an  individual  female  construct  more  than  one  type 
of  nest  or  was  each  wasp  rigidly  programmed  to  make  either  1 or 
2 or  3 celled  nests? 

In  order  to  answer  this  question,  a group  of  16  wasps  were  marked 
on  the  thorax  with  a dot  or  dots  of  acrylic-vinyl  paint  after  they 
had  brought  a prey  to  a nest.  Each  was  given  a distinctive  color 
combination.  Twelve  of  those  marked  completed  one  or  more  nests 
from  the  time  of  marking  (July  14-21,  1972)  to  August  5 when 
I left  the  Seattle  area. 

Two  wasps  (E,  H)  that  definitely  made  a single  celled  nest  ini- 
tially built  a multi-celled  nest  the  second  time.  For  3 others  (I,  K, 
L)  this  is  probably  the  case.  One  female  (F)  that  made  2 single 
celled  nests  consecutively  almost  surely  built  a double  celled  nest 
the  third  time  around.  Only  1 wasp  definitely  built  a second  nest 
with  fewer  cells  than  the  first  one  (C) . 

The  pattern  of  building  single  celled  nests  first  and  multicelled 
nests  later  is  supported  by  indirect  evidence  from  the  1971  data. 
The  first  year,  observations  of  americana  were  not  begun  until  later 
in  the  season  (July  24  as  opposed  to  July  14  in  1972).  Less  than 
1/4  of  the  1971  nests  excavated  were  single-celled  as  opposed  to 
3/4  of  the  initial  nests  in  1972.  I strongly  suspect  that  most  of  the 
burrows  excavated  in  1971  were  the  second  or  third  nests  of  the 
wasps,  whereas  in  1972  I made  an  effort  to  mark  an  individual  as 
soon  as  it  was  discovered  at  a nest. 

Discussion 

This  study  shows  that  the  females  in  at  least  one  population 
of  B.  americana  are  capable  of  building  either  single  or  multi-celled 
nests.  It  suggests  moreover  that  females  tend  first  to  build  1 celled 
nests  and  that  subsequent  nests  are  likely  to  have  more  than  1 cell. 

Variation  in  cell  number  is  not  unknown  in  Bembix  occurring 
in  amoena, , belfragei , cinerea,  and  niponica  (Evans  1966,  p.  277, 
317,  352).  This  is  only  the  second  report  of  such  variation  for  the 
abundant,  widespread  and  well-studied  americana  suggesting  that 
multi-celled  nests  are  rare  for  this  species.  It  is  noteworthy  that 
Parker’s  description  (1925)  of  the  design  of  the  3 celled  nests  he 
studied  in  a population  of  B.  a.  comata  matches  mine  to  the  ex- 
tent that  the  final  cell  tended  to  be  located  under  the  main  burrow 
near  the  entrance  of  the  nest. 
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Table  2.  The  nest  building  behavior  of  marked  Bembix  americana 

in  Seattle, 

Washington  (1972) 

First  Nest 

Second 

Nest  Third  Nest 

Wasp 

Duration  of  Activity 

Cells 

: Activity 

Cells  : Activity  Cells 

A 

14  days 

(3) 

B 

13  days 

(3) 

C 

10  days 

2E 

5 

IE 

D 

8 days 

2E 

5* 

1* 

E 

7 days 

IE 

9 

2E 

F 

3 days 

IE 

4 

IE  8 (2) 

G 

2 days 

IE 

6 

IE 

H 

3 days 

IE 

12 

2E 

I 

2 days 

(1) 

11* 

2* 

J 

5 days 

(1) 

2 

(1) 

K 

2 days 

(1) 

10* 

2* 

L 

5 days 

(1) 

9* 

2* 

E — nest 

excavated 

( ) improbable  number  of  cells  based  on  length  of  activity  at  nest 
* = nest  still  active  when  excavated  or  when  study  terminated 

Ecological  Factors  and  Nest  Design.  The  significance  of  variation 
in  cell  number  for  digger  wasps  has  not  been  discussed  in  great  de- 
tail. Presumably  there  are  both  advantages  and  disadvantages  asso- 
ciated with  the  construction  of  either  multi-celled  or  single  celled 
nests.  A nest  with  3 cells  may  require  the  removal  of  less  material 
in  building  than  would  3 separate  uni-celled  nests.  However  the 
advantage  of  reduced  energy  expenditure  in  nest  building  may  be 
tempered  by  ( 1 ) the  disadvantage  of  prolonged  activity  at  one  nest 
entrance  which  may  make  the  individual’s  larvae  and  prey  more 
vulnerable  to  parasites,  especially  if  the  latter  are  capable  of  learn- 
ing to  exploit  a specific  source  of  prey  and  by  (2)  the  disadvantage 
stemming  from  the  possibility  of  a highly  localized  disaster  which 
would  eliminate  all  the  offspring  in  a multi-celled  nest  before  they 
could  emerge  (e.g.  poor  drainage  at  a particular  site). 

If  these  speculations  are  correct  one  would  expect  multi-celled 
nests  in  areas  where  soil  conditions  or  other  factors  make  nest  con- 
struction particularly  expensive  in  terms  of  time  and  energy  costs. 
Evans  notes  (1966,  p.  442)  that  nests  with  more  than  1 cell  are 
more  characteristic  of  species  digging  in  compact  soil  than  those 
which  build  in  sandy  soils.  Judging  from  Evans’  account  (1957) 
of  typical  nesting  sites  for  americana  the  Seattle  colony  was  located 
in  an  atypically  hardpacked  and  pebbly  area.  These  conditions  may 


1972] 


Alcock  — Bembix  americana 


163 

favor  individuals  that  build  multi-celled  nests  and  thereby  avoid 
having  to  dig  through  a stony  compacted  surface  repeatedly.  How- 
ever the  population  studied  by  Parker  nested  in  sand  dunes  where 
this  argument  cannot  apply.  Parker  was  deeply  impressed  by  the 
powerful  winds  that  regularly  swept  the  area  often  blowing  fe- 
males away  from  their  nest  entrances.  Perhaps  with  these  condi- 
tions, selecting  a new  site  and  attempting  to  initiate  digging  would 
be  both  extremely  time  consuming  and  energetically  demanding. 
This  remains  conjecture. 

It  should  be  noted  moreover  that  this  hypothesis  is  weakened  by 
the  fact  that  those  Bembix  that  dig  very  long  (up  to  1 m)  burrows 
deep  into  sand  dunes  (e.g.  occidentalis  and  pruinoso ) do  not  con- 
struct multiple  celled  nests.  Although  these  are  large  and  powerful 
species,  nonetheless  the  costs  of  nest  building  must  be  great.  It  is 
difficult  to  understand  why  one  long  burrow  could  not  accommo- 
date several  cells. 

Nevertheless,  assuming  that  there  is  some  imperfect  relationship 
between  the  expense  of  nest  building  and  multiple  cells,  one  would 
expect  intraspecific  variation  in  nest  design  to  occur  in  species  which 
are  most  flexible  in  the  selection  of  nesting  areas.  Most  North 
American  Bembix  are  relatively  restricted  to  one  soil  type  (Evans 
1966,  p.  352).  However,  amoena  and  americana  are  quite  variable 
in  nesting  ecology  while  the  requirements  of  the  other  species  that 
make  both  single  and  multi-celled  nests  are  uncertain. 

As  a final  question,  why  should  the  females  I watched  have  tended 
to  build  a single  celled  nest  first  and  then  a multi-celled  one?  Per- 
haps such  a strategy  insures  that  if  a wasp  is  able  to  provision  only 
2 cells  at  least  her  offspring  will  be  in  2 separate  locations.  But  if 
she  is  able  to  provision  more,  it  may  then  be  to  her  advantage  to 
reduce  building  costs  by  constructing  side  burrows  and  additional 
cells  and  to  expend  her  time  and  energy  in  foraging  and  provision- 
ing. Probably  the  middle  of  the  nesting  season  coincides  with  the 
peak  abundance  of  prey  and  the  best  weather  conditions.  Thus  it 
may  be  especially  important  not  to  spend  this  time  hunting  for  and 
digging  a new  nest,  time  that  could  be  spent  provisioning  cells  be- 
fore the  onset  of  the  fall  rains  in  Seattle  (which  often  begin  by 
mid-August).  Thus  the  nest  building  behavior  of  a female  ameri- 
cana in  Seattle  may  reflect  conflicting  pressures  to  avoid  placing  all 
her  eggs  in  one  nest  while  at  the  same  time  making  the  most  of  the 
short  time  available  to  her  to  collect  prey. 


164 


Psyche 


[September 


Summary 

Females  of  a population  of  Bembix  americana  built  complete  nests 
with  1,  2,  or  3 cells  at  a site  in  Seattle,  Washington.  This  is  only 
the  second  report  of  variation  in  cell  number  for  this  well-studied 
species.  Marked  individuals  generally  built  single-celled  nests  at 
the  start  of  the  season  with  subsequent  nests  likely  to  be  multi- 
celled.  Speculations  on  the  adaptive  significance  of  multi-celled  nests 
and  the  pattern  of  nest  building  observed  in  Seattle  are  presented. 

Acknowledgments 

I am  especially  grateful  to  Dr.  Howard  E.  Evans  for  his  kind- 
ness in  identifying  the  wasps,  suggesting  ideas  for  research,  and 
reading  an  earlier  draft  of  this  paper.  Virginia  Anderson  made  a 
number  of  useful  observations  at  the  nest  sites  after  I left  the  Seattle 
area  and  I thank  her  for  her  help.  This  work  was  done  while  the 
author  was  supported  by  NSF  grants  GB-28714X,  GB-28714X1, 
and  GB-35269. 

References 

Evans,  H.  E. 

1957.  Studies  on  the  comparative  ethology  of  digger  wasps  of  the 
genus  Bembix.  Cornell  University  Press,  Ithaca,  N.  Y. 

1966.  The  comparative  ethology  and  evolution  of  the  sand  wasps. 
Harvard  University  Press,  Cambridge. 

Evans,  H.  E.  and  R.  W.  Matthews 

1968.  North  American  Bembix , a revised  key  and  suggested  group- 
ing. Ann.  Entomol.  Soc.  Amer.  61:  1284-1299. 

Parker,  J.  B. 

1925.  Notes  on  the  nesting  habits  of  Bembix  comata  Parker.  Proc. 
Entomol.  Soc.  Wash.  27:  180-195. 


NOTES  ON  THE  LIFE  CYCLE  AND 
NATURAL  HISTORY  OF 

DISMORPHIA  VIRGO  (LEPIDOPTERA:  PIERIDAE: 
DISMORPHIINAE)  IN  COSTA  RICA* 

By  Allen  M.  Young 
Department  of  Biology,  Lawrence  University 
Appleton,  Wisconsin  5491 1 

This  paper  summarizes  the  life  cycle  and  some  aspects  of  natural 
history  of  the  tropical  pierid,  Dismorphia  virgo  (Dismorphiinae)  in 
Costa  Rica.  The  precise  taxonomic  status  of  the  butterfly  in  Central 
America  has  not  been  established,  and  it  may  represent  a variable 
northern  isolate  of  the  common  South  American  D.  critomedia. 
Therefore,  independent  of  whether  the  Central  American  form  dis- 
cussed in  this  paper  has  achieved  full  species  status  as  the  more  north- 
ern virgo  or  is  a subspecies  or  variety  of  critomedia , evolving  to- 
wards species  status,  this  paper  provides  new  information  on  the  biol- 
ogy of  the  butterfly  in  Costa  Rica.  The  establishment  of  precise 
taxonomic  position  awaits  further  study,  and  for  the  present  purpose, 
I refer  to  the  butterfly  as  D.  virgo . 

Methods 

Field  observations  were  conducted  during  June-September  1971  at 
two  localities  in  the  central  Cordillera  (“Meseta  Central” ) of  Costa 
Rica:  (1)  Bajo  la  Hondura  (San  Jose  Province)  on  the  Pacific 
side,  and  (2)  Cuesta  Angel  (Heredia  Province)  on  the  Caribbean 
side.  Both  localities  are  characterized  by  montane  tropical  wet  forest 
(800-1000  m elev.).  Observations,  including  searches  for  larval  host 
plants,  were  made  in  forest  clearings  associated  with  paths  and  river 
edges.  A total  of  32  days  were  spent  in  field  observation  at  Bajo  la 
Hondura  and  27  days  were  spent  at  Cuesta  Angel;  both  localities 
were  never  visited  the  same  day.  Since  many  days  were  spent  study- 
ing D.  virgo  at  each  locality,  it  was  possible  to  obtain  quantitative 
information  in  the  sense  of  making  repeated  observations  under 
known  field  conditions.  Furthermore,  usually  between  4 and  6 hours 
were  spent  daily  in  the  field. 

Observations  or  field  studies  consisted  of : ( 1 ) description  of  life 
cycle,  including  recording  of  host  plants  and  estimation  of  develop- 
mental time,  (2)  studies  of  larval  behavior,  and  (3)  studies  of  adult 
behavior. 

* Manuscript  received  by  the  editor  September  14,  1972 
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Life  cycle  and  developmental  time  were  studied  using  two  ap- 
proaches : ( i ) bagging  of  recently  oviposited  eggs  on  host  plants  in 
the  field,  and  (2)  rearing  of  eggs  in  the  laboratory.  The  labora- 
tory was  located  in  San  Jose,  with  diurnal  room  temperature  con- 
ditions ranging  between  25-29°C,  a condition  comparable  to  the 
temperature  regime  at  both  localities.  The  laboratory  approach, 
which  involved  keeping  cultures  in  tightly  closed  clear  plastic  bags, 
gave  more  accurate  estimates  of  developmental  time  because  life 
stages  could  be  observed  more  readily. 

Studies  of  larval  behavior  dealt  with  feeding  and  defense  activities 
of  larvae  on  host  plants  in  the  field.  Studies  of  adult  behavior  dealt 
with  oviposition  and  mimcry.  Populations  of  potential  members  of 
mimicry  complexes  involving  D.  virgo  were  sampled  for  a number 
of  successive  days  each  month  (July  and  August)  at  both  Bajo  la 
Hondura  and  Cuesta  Angel.  A sample  on  a given  day  at  each  lo- 
cality was  taken  by  walking  along  a foot  path  for  a distance  of  about 
150  meters  (Cuesta  Angel)  or  200  meters  (Bajo  la  Hondura). 
The  basic  technique  was  to  walk  about  5 meters,  look  for  butter- 
flies, and  repeat  this  procedure  for  the  entire  transect,  recording  the 
species  seen  within  each  5-meter  interval.  At  both  localities,  this 
procedure  lasted  about  one  hour  daily,  and  samples  were  usually 
taken  at  9:30-10:30  A.M.  (C.  S.  T.).  Collecting  in  each  area  prior 
to  sampling  gave  an  indication  of  the  species  to  be  considered  in 
gathering  quantitative  data  on  mimcry  complexes. 


Results 

Life  cycle  and  developmental  time 

The  thin,  spindle-shaped  (1.5  X 0.7  mm)  eggs  are  laid  singly 
on  the  undersides  of  young  or  old  leaves  of  Inga  pittieri  (Killip) 
(Leguminosae)  at  both  localities.  Each  egg  (Fig.  i-A)  is  at  first 
satiny-white,  but  within  a few  hours  turns  a light  blue-green  color; 
each  egg  has  8 ribs.  Immediately  prior  to  hatching,  the  egg  turns 
yellow. 

The  first  instar  is  translucent  yellow  throughout,  bearing  a sparse 
covering  of  fine  hairs  and  is  about  2.2  mm  long  upon  hatching.  The 
first  instar  also  bears  one  pair  of  posterior  and  one  pair  of  anterior 
elongated  black  hairs  which  are  lost  in  later  instars;  these  projections 
are  barely  visible  in  Fig.  i-B.  By  the  first  molt,  the  larva  is  about 
5.2  mm  long  and  appears  dark  green  due  to  undigested  plant  mate- 
rial in  the  digestive  tract.  The  second  instar  (Fig.  i-C)  is  very 
similar  in  appearance  to  the  first  instar.  The  body  is  light  green 
throughout.  The  larva  measures  about  10  mm  in  length  by  the  time 
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Fig.  1.  The  life  cycle  of  Dismorphia  virgo'.  egg  (A),  instars  1,  2,  4,  5 
respectively  (B-E),  pupa  (F-G),  and  adult  females  (H). 


Psyche 


[September 


1 68 


of  the  second  molt.  The  third  instar  has  the  head,  anal  region,  and 
prolegs  a dull  orange  color  and  body  uniformly  green. 

The  body  is  covered  by  sparse  hair.  The  larva  is  about  14  mm 
long  at  the  third  molt.  The  fourth  instar  (Fig.  i-D)  is  uniformly 
dark  green  throughout  the  head,  body,  anal  region,  and  prolegs.  The 
head  and  body  are  covered  by  a dense  down  of  short  red  hairs.  The 
head  is  now  noticeably  wider  than  the  body,  which  tapers  towards 
the  anal  region.  At  the  time  of  the  fourth  molt,  the  larva  is  about 
20  mm  long.  The  fifth  (final)  instar  (Fig.  i-E)  is  very  similar  to 
the  previous  instar,  but  the  head  is  gray-green  and  the  spiracles  are 
bordered  in  red.  Both  head  and  body  retain  the  dense  reddish  down 
seen  in  the  previous  instar.  The  larva  measures  about  28  mm  in 
length  by  pupation. 

Until  the  day  preceding  eclosion,  the  elongate  pupa  (Fig.  i-F) 
remains  light  green;  after  this,  the  pupa  darkens  and  the  wing-pat- 
tern becomes  visible  (Fig.  i-G).  The  pupa  is  about  21  mm  long. 
Sexual  dimorphism  in  wing  coloration  is  pronounced;  Fig.  i-H 
shows  the  dorsal  and  ventral  aspects  of  a female.  The  large  light 
dorsal  forewing  areas  are  yellow  in  females  and  white  in  males  (and 
reduced),  and  the  distal  series  of  three  small  spots  of  the  female  are 
cream.  In  the  female,  the  large  light  area  on  the  dorsal  surface  of 
each  hindwing  is  bright  yellow,  while  in  the  male  this  area  is  larger 
and  whitish.  Ventral  markings  of  both  sexes  are  remarkably  similar. 
The  forewing  length  of  wild-caught  (10  individuals)  adults  is 
29.4  ± 1.2  mm.  It  should  be  emphasized  that  the  lighter  dorsal 
regions  of  the  wings  are  not  creamy-white,  which  is  characteristic  of 
D.  virgo.  The  wings  of  females  bear  a yellow  color  very  similar  to 
that  of  a sympatric  ithomiid,  Oleria  zelica  pagasa  (see  below). 

As  commonly  noted  in  butterflies,  developmental  time  is  strongly 
affected  by  whether  larvae  feed  on  young  or  old  leaves  (Table  1). 
The  leaves  of  the  larval  host  plant  are  of  two  kinds : ( 1 ) tough, 

older  green  leaves,  and  (2)  soft,  young  red  leaves  at  the  apex  of  the 
plant.  Eggs  are  found  in  the  field  on  both  kinds  of  leaves,  but 
usually  not  on  older  leaves  when  young  leaves  are  present  on  an  in- 
dividual plant.  The  individual  host  plants  studied  at  Cuesta  Angel 
did  not  have  young  leaves  during  the  study  period,  whereas  exten- 
sive flushes  of  young  leaves  were  found  on  several  individual  plants 
at  Bajo  la  Hondura,  but  only  after  the  middle  of  July.  Individuals 
reared  on  young  leaves  of  I.  pittieri  complete  development  sooner 
than  individuals  reared  on  older  leaves  (Table  1).  This  effect  of 
leaf  age  is  significant,  as  indicated  by  a / test  (P<0.05).  The  in- 
dividuals used  to  measure  this  effect  were  obtained  from  eggs  seen 
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oviposited  in  the  field  on  young  or  old  leaves.  Developmental  time 
on  both  young  and  old  leaves  was  similar  (no  significant  differences 
with  t test)  between  the  field  and  laboratory. 

At  Bajo  la  Hondura,  I.  pittieri  is  most  abundant  along  exposed 
river  edges  where  it  is  a member  of  young  second-growth  plant  com- 
munities. At  Cuesta  Angel,  the  plant  is  a member  of  the  heavily 
shaded  forest  understory.  At  both  localities  the  plant  grows  as  a 
small  woody  tree,  usually  1.5  to  4.0  m in  height.  Different  annual 
patterns  of  leafing  out  may  be  a function  of  the  type  of  plant  com- 
munity in  which  the  tree  is  found.  Leafing  out  may  have  a different 
pattern  at  Cuesta  Angel  than  it  does  at  Bajo  la  Hondura,  a factor 
influencing  the  egg  laying  habits  of  D.  virgo  and  in  turn,  the  de- 
velopmental time  in  different  populations  at  various  times  of  the 
year. 

Larval  Behavior 

Perhaps  the  most  interesting  feature  of  the  behavior  of  larval  D. 
virgo  is  their  apparent  crypsis,  both  in  morphology  (coloration  and 
form)  and  behavior  (resting  positions  on  the  host  plant).  The  larvae 
are  thin  and  green  and  very  difficult  to  find  on  the  plant.  The  con- 
cealment is  enhanced  by  their  ventral  positions  on  leaves  and  their 
use  of  large  veins  as  resting  sites  (Fig.  i-B,  C,  D).  This  combina- 
tion of  morphological  and  behavioral  crypsis  might  function  to  re- 
duce attacks  by  predators  and  parasites,  Of  a total  of  13  young 
larvae  (6  first  instar,  3 second  instar,  1 third  instar,  and  3 fourth 
instar)  observed  at  Bajo  la  Hondura  during  late  July  and  early 
August,  on  tagged  host  plants,  all  of  these  survived  to  the  late  fifth 
instar.  Although  this  sample  is  small,  the  data  suggest  low  predation 
and  parasitism  on  larvae;  fates  of  fifth  instar  searching  for  pupation 
sites  and  pupae  in  the  field  were  not  determined.  Egg  mortality  has 
not  been  studied.  Furthermore,  since  observations  on  larval  mor- 
tality were  confined  to  a relatively  small  portion  of  the  year,  it  is 
not  known  if  predation  rates  on  larvae  in  this  butterfly  vary  sea- 
sonally. 

Although  as  many  as  5 eggs  might  be  oviposited  at  different  spots 
on  a single  leaf,  larvae  are  never  gregarious.  When  eggs  are  laid 
on  older  leaves,  larvae  feed  at  the  edges  and  work  their  way  inward 
as  they  grow  larger.  When  eggs  are  laid  on  young  leaves,  larvae 
may  begin  to  feed  immediately  on  inner  portions  of  the  leaf.  On 
older  leaves,  first  instars  can  only  eat  part  way  through  the  leaf. 
On  young  leaves,  first  instars  can  eat  all  the  way  through  the  leaf 
tissue.  Such  a difference  in  feeding  may  affect  the  rate  of  food  as- 
similation by  the  young  larvae,  thereby  increasing  or  decreasing  the 
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length  of  first  and  second  instars  (Table  1).  Such  a difference  in 
growth  between  larvae  on  new  and  old  leaves  can  be  due  to  both 
the  amount  of  feeding  and  digestibility.  Larvae  usually  do  not  de- 
vour their  empty  egg  shells,  although  they  do  eat  cast  exuviae  at 
molts.  Both  in  the  field  and  laboratory,  feeding  is  greatest  at  night, 
suggesting  further  the  possibility  of  crypsis  as  a protective  strategy. 

Pupation  generally  occurs  away  from  the  host  plant,  and  frequent- 
ly on  stems  and  leaves  of  herbaceous  plants  near  the  ground. 

Adult  Behavior 

Since  adult  population  densities  appear  to  be  exceedingly  low,  it 
is  very  difficult  to  obtain  quantitative  data  on  behavioral  patterns, 
especially  those  associated  with  oviposition,  feeding,  home  range  move- 
ments, etc.  Of  these  various  kinds  of  behavior,  oviposition  was  the 
easiest  to  observe  during  the  study  period. 

Oviposition  occurred  throughout  the  day  at  both  localities.  The 
usual  pattern  observed  is  that  a female  patrols  an  individual  host 
plant  several  times,  pausing  to  lay  several  eggs.  If  the  plant  bears 
young  red  leaves,  these  are  always  selected  for  oviposition ; otherwise, 
eggs  are  laid  on  old  green  leaves.  In  both  cases,  the  female  alights 
near  the  dorsal  edge  of  a leaf,  crawls  to  the  ventral  edge,  and  ovi- 
posits. On  older  leaves,  however,  eggs  are  attached  at  the  very  edge 
of  the  leaf;  the  female  will  lay  one  egg,  walk  along  the  edge,  lay 
another,  and  repeat  this  behavior  several  times.  Usually  between  1-5 
eggs  may  be  oviposited  along  a single  edge  of  a large  leaf.  During 
July  and  August  representing  a portion  of  the  wet  season,  cloud 
cover  generally  persists  throughout  the  day,  and  occurs  every  day; 
nevertheless,  oviposition  occurs  on  such  cloudy  days.  It  is  curious 
that  females  do  not  lay  eggs  along  the  opposite  edges  of  the  same 
leaf.  If  on  a young  red  leaf,  the  female  walks  to  the  inner  regions 
of  the  ventral  surface,  where  she  oviposits  one  to  several  eggs,  each 
attached  to  a small  vein  (Fig.  i-A).  Eggs  were  rarely  found  along 
the  edges  of  young  red  leaves.  After  ovipositing  several  times  on  a 
single  leaf  the  female  may  continue  to  patrol  the  same  plant,  pausing 
to  oviposit  on  other  leaves. 

After  several  oviposition  sequences  at  a plant,  the  female  flies 
away,  perhaps  in  search  of  other  plants.  Oviposition  has  not  been 
observed  on  other  plant  species  at  either  locality,  despite  observa- 
tions on  flying  activity  of  adults  in  forest  understory,  second-growth, 
etc.  I.  pittieri  might  be  the  only  host  plant  of  this  butterfly  at  both 
localities.  Since  adults  seem  very  vagile,  it  is  possible  that  the  breed- 
ing population  is  highly  dispersed,  in  response  to  the  apparent  rarity 
of  individuals  of  I.  pittieri. 
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At  Cuesta  Angel,  it  was  observed  that  males  often  patrol  regular 
areas  along  a foot  trail  leading  down  to  a river  through  steep  pri- 
mary-growth forest.  Although  these  individuals  (a  total  of  6 patrol- 
ling sites  were  discovered  during  July  and  August)  were  not  marked, 
there  is  high  site  tenacity  since  the  males  were  seen  on  several  suc- 
cessive days.  Although  courtship  was  not  observed  either  at  these 
patrolling  sites  or  at  host  plants,  such  a dispersed  population  of  D. 
virgo  may  have  a courtship  strategy  in  which  males  patrol  well  es- 
tablished sites  for  females,  as  a mechanism  for  bringing  virgin  fe- 
males in  contact  with  males.  The  six  male-patrolling  sites  at  Cuesta 
Angel  were  widely  separated  from  each  other  with  the  least  distance 
between  two  of  them  being  about  100  meters. 

At  both  localities,  adult  D.  virgo  co-occurs  in  the  same  habitat  as 
unrelated  species  which  bear  mimetic  resemblance  to  it  (Table  2). 
At  Banjo  la  Hondura,  the  additional  species  is  Oleria  zelica  pagasa 
(Druce)  (Nymphalidae : Ithomiinae),  and  at  Cuesta  Angel,  O. 

zelica  pagasa  and  female  Itaballia  caesia  tenuicornis  (Butler  & 
Druce)  (Pieridae:  Pierinae)  (Fig.  2).  All  three  species  are  sim- 
ilar in  wing-length  and  bear  a similar  black  and  lemon-yellow  color 
pattern  on  the  dorsal  wing  surfaces.  But  the  resemblance  is  greater 
between  D.  virgo  and  O.  zelica  pagasa  than  it  is  for  either  of  these 
butterflies  with  I.  caesia  tenuicornis  (Fig.  2).  Sexual  dimorphism 
is  very  pronounced  in  7.  caesia  tenuicornis , and  only  the  female  re- 
sembles both  sexes  of  O.  zelica  pagasa  and  female  D.  virgo  (Young, 
in  prep.).  While  the  sample  size  is  small  (Table  2)  and  observations 
were  made  for  only  a two-month  period,  the  observed  regular  co- 
occurrence of  these  butterflies  is  suggestive  of  mimetic  association. 
Verification  of  this  hypothesis  awaits  further  field  studies  on  more 
extensive  estimates  of  relative  abundance,  incidence  of  beak-mark 
impressions  on  wings  of  each  species,  and  laboratory  experimental 
feeding  studies  on  palatability. 


Discussion 

If  both  sexes  or  at  least  female  D.  virgo  at  both  localities  is  in- 
volved in  a mimicry  complex,  then  it  is  probable  that  this  butterfly 
is  a Batesian  mimic  of  O.  zelica  pagasa. , a species  occurring  at  both 
localities.  If  it  is  assumed  that  mimetic  association  is  operative  be- 
tween these  butterflies  (an  assumption  supported  in  part  by  the  ob- 
served regular  co-occurrence  of  these  butterflies  in  the  same  habitat 
for  at  least  one  time  of  the  year  — Table  2),  the  presumed  palata- 
bility of  D.  virgo , in  the  absence  of  experimental  feeding  studies, 
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Fig.  2.  Top  to  bottom:  Itaballia  caesia  ($),  Dismorphia  <virgo  (2) 
and  Oleria  zelica  (2). 
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may  be  inferred  from  (1)  the  host  plant,  (2)  the  appearance  and 
behavior  of  larvae,  and  ( 3 ) low  adult  population  densities. 

The  genus  Inga , as  in  other  Leguminosae,  is  not  known  to  contain 
toxic  compounds  (Erhlich  and  Raven,  1965;  Levin,  1971)  and  it 
is  therefore  unlikely  that  invertebrate  herbivores  feeding  on  it  would 
be  unpalatable  to  potential  predators.  However,  developmental  dif- 
ferences in  levels  of  various  secondary  compounds  have  not  been 
studied  in  the  Leguminosae,  so  little  is  known  about  age-specific  dif- 
ferences in  such  compounds  in  leaves  of  selected  genera  such  as 
Inga. 

Larvae  are  cryptically-colored  and  they  also  behave  in  a cryptic 
manner.  Such  morphological  and  behavioral  crypsis  has  apparently 
evolved  as  an  adaptive  strategy  of  concealment  against  predators. 
In  the  presence  of  unpalatability,  it  can  be  argued  that  aposematic 
coloration  and  behavior  replaces  crypsis  as  an  adaptive  strategy  in 
some  insects  (Brower  and  Brower,  1964). 

Of  the  several  requisites  underlying  effective  Batesian  mimicry 
(see  Rettenmeyer,  1970),  one  of  the  most  important  is  that  the 
mimic  always  be  less  abundant  locally  than  the  model.  However, 
depending  on  the  degree  of  unpalatability  of  the  model  and  the 
memory  characteristics  of  the  predators,  it  is  possible  to  have  mimics 
more  abundant  than  models  and  still  have  effective  mimicry.  Thus, 
for  a butterfly  which  is  a Batesian  mimic  of  an  only  slightly  um 
palatable  model,  low  local  adult  population  density  in  habitats  where 
the  model  is  abundant  is  essential.  Thus,  for  a butterfly  which  is  a 
Batesian  mimic  of  an  only  slightly  unpalatable  model,  low  local  adult 
population  density  in  habitats  where  the  model  is  abundant  is  essen- 
tial. This  property  is  indicated  by  the  data  in  Table  2.  The  exploita- 
tion of  a courtship  strategy  characterized  by  males  patrolling  specific 
sites  on  a regular  basis  in  the  habitat  is  also  indicative  of  low  popu- 
lation density  in  this  butterfly. 

Further  evidence,  from  phylogenetic  considerations,  of  the  palata- 
bility  of  D.  virgo  is  given  by  Brower  and  Brower  ( 1964),  who  point 
out  that  the  Dismorphiinae,  being  the  most  primitive  subfamily  of 
the  Pieridae,  are  most  likely  palatable,  since  unpalatability  is  held 
to  be  a highly  evolved  trait  of  more  advanced  subfamilies. 

Since  the  Ithomiinae  are  known  to  be  a very  unpalatable  group  of 
tropical  butterflies  (cf.  Brower  and  Brower,  1964),  there  is  little 
doubt  that  O.  zelica  pagapa  can  act  as  a model  for  D.  virgo , if  selec- 
tion pressures  favor  the  development  of  mimetic  association  at  Bajo 
la  Hondura  and  Cuesta  Angel.  The  Ithomiinae  presumably  derive 
their  highly  reputed  unpalatability  from  the  Solanaceae  (Ehrlich 


Table  1.  Developmental  time*1  of  Dismorphia  virgo  on  young  (red)  and  old  (green)  leaves  of  Inga  pittien  Killip 
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and  Raven,  1965;  Fraenkel,  1959),  the  major  larval  host  plant  fam- 
ily of  these  butterflies.  The  biology  of  O.  zelica  pagasa  will  be  sum- 
marized later  (Young,  in  prep.)* 

The  possible  position  of  I.  caesia  tenuicornis  in  a mimicry  com- 
plex at  Cuesta  Angel  (Table  2)  is  less  clear  at  this  time.  It  is 
far  more  abundant  locally  than  either  D.  virgo  or  O.  zelica  pagasa 
(Table  2)  during  July  and  August.  Three  possibilities  exist  here: 

( 1 ) /.  caesia  tenuicornis  is  unpalatable  and  bears  Mullerian  mimetic 
relation  with  O.  zelica  and  perhaps  Batesian  relation  to  D.  virgo , 

(2)  /.  caesia  tenuicornis  is  palatable,  at  certain  times  of  the  year  it 
is  unusually  abundant,  and  mimetic  association,  if  any,  breaks  down. 
(Under  the  alternative,  at  other  times  of  the  year  its  local  abun- 
dance does  not  exceed  that  of  O.  zelica  pagasa  and  it  is  a Batesian 
mimic  of  that  butterfly  during  those  times.)  and  (3)  I.  caesia  tenui- 
cornis does  not  enter  into  a mimicry  complex  at  Cuesta  Angel  at  any 
time  of  the  year.  The  weaker  resemblance  of  this  species  to  either 
of  the  other  butterflies  suggests  that  this  may  be  the  case,  although 
more  extensive  field  study  is  needed  to  confirm  any  of  these  alterna- 
tive ideas.  The  major  larval  host  plant  of  L caesia  tenuicornis  at 
Cuesta  Angel  during  July  and  August  is  Gynandropsis  pulcherrima 
in  the  Capparidaceae  (Young,  in  prep.),  a plant  family  rich  in  mus- 
tard oil  glucosides  (Alston  and  Turner,  1963).  Since  experimental 
feeding  studies  were  not  conducted,  the  palatability  of  I.  caesia  tenu- 
icornis remains  undetermined. 

A final  interesting  point  is  the  increased  rate  of  development  of 
D.  virgo  on  young  leaves  of  I.  pittieri  (Table  1).  In  this  presum- 
ably palatable  butterfly,  natural  selection  should  favor  oviposition  on 
young  leaves  of  the  host  plant  since  such  behavior  on  the  part  of  the 
female  butterfly  would  reduce  the  risk  of  predation  or  parasitism  on 
the  larvae  (since  less  time  is  spent  in  the  larval  stage  when  larvae 
eat  young  leaves).  But  the  extent  to  which  this  adaptive  mechanism 
is  operative  in  populations  of  D.  virgo  or  any  palatable  species  de- 
pends upon  the  seasonal  pattern  of  vegetative  growth  in  the  host 
plant  population  at  a given  locality.  It  is  then  hypothesized  the  rates 
of  predation  or  parasitism  will  vary  seasonally,  and  that  such  tem- 
poral differences  are  partly  accountable  through  the  pattern  of  leaf- 
ing out  (vegetative  growth).  Thus  it  is  predicted  that  the  local 
abundance  of  D.  virgo  depends  upon  the  time  of  year  and  perhaps 
upon  the  type  of  plant  community  (i.e.,  shaded  understory  versus 
well  insolated  clearings  and  marginal  habitats)  since  a plant  spe- 
cies may  show  different  physiological  responses  (associated  with 
growth  and  maintenance)  in  different  communities  (Holdridge  et 
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Table  2.  Relative  abundance  of  butterflies  in  possible  mimicry  complexes 
at  Baja  la  Hondura  and  Cuesta  Angel,  Costa  Rica 


Month 

No.  successive* 
days  sampled 
(N) 

1 Mean  number  of  individuals 

D.  virgo  I.  Caesia 

seenb 
O.  zelica 

July 

S 

Bajo  la  Hondura 
9 

0 

16 

August 

12 

7 

0 

15 

July 

10 

Cuesta  Angel 
10 

44 

18 

August 

12 

8 

30 

21 

“Sampling  was  conducted  for  1 hour  each  day;  see  text  for  further  descrip- 
tion of  technique. 

bGiven  are  the  mean  numbers  of  adults  (both  sexes)  seen  at  sampling  sites 
. . . per  day  (9:30-10:30  AM) 

ah,  1971).  While  these  advantages  of  a shortened  larval  period  are 
clearly  adaptive,  another  adaptive  role  of  this  effect  is  an  increased 
reproductive  fitness  resulting  from  the  shortening  of  the  life  table 
parameter,  age-to-first  reproduction.  Adult  females  experiencing 
selection  pressures  to  lay  eggs  on  young  leaves  promote  this  advan- 
tage in  life  table  structure  of  natural  populations. 

Changes  in  oviposition  site-selectivity  with  seasonal  changes  in  the 
availability  of  young  leaves  of  herbivore  host  plants  in  the  tropics 
offer  an  interesting  system  to  approach  the  general  question  of  how 
developmental  changes  in  leaf  biochemistry  can  alter  the  palatability 
of  the  herbivore,  assuming  that  palatability  is  at  least  in  part  de- 
rived from  host  plants.  If  we  may  reach  beyond  the  data  in  Table  1 
for  D.  virgof  there  exists  the  possibility  of  variation  in  palatability 
depending  on  whether  or  not  it  underwent  larval  development  on 
old  or  young  leaves  of  the  host  plant.  Depending  on  the  time  of 
year  and  a host  of  local  edaphic  factors  which  affect  the  vegetative 
growth  pattern  of  the  host  plant,  a herbivore  population  may  vary 
tremendously  in  the  proportion  of  palatable  and  unpalatable  individ- 
uals. This,  of  course,  assumes  that  differences  in  toxicity  occur  be- 
tween young  and  old  leaves  within  a plant  population.  Recent 
discussion  (Levin,  1971)  indicates  that  there  can  occur  both  quanti- 
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tative  and  qualitative  differences  in  secondary  compounds  between 
young  and  old  parts  of  plants.  This  question  is  raised  here  in  a 
speculative  manner  since  the  primary  selective  advantage  of  laying 
eggs  on  young  leaves  (when  available),  which  is  known  to  occur  in 
many  species  of  butterflies,  may  have  other  ecological  consequences 
bearing  on  the  problem  of  labelling  a species  as  “palatable”  or  “un- 
palatable”. 


Summary 

( 1 ) The  life  cycle,  larval  host  plant,  and  developmental  time  of 
D is  morphia  virgo  are  reported  for  the  first  time. 

(2)  Breeding  populations  of  the  butterfly  exploit  the  same  larval 
host  plant,  Inga  pittieri  (Leguminoseae) , at  two  different  mountain 
localities  in  central  Costa  Rica, 

(3)  The  developmental  time  of  D.  virgo  on  old  leaves  of  the  host 
plant  is  about  73  days,  while  on  young  leaves  it  is  about  45  days,  a 
significant  reduction  in  this  ecological  statistic. 

(4)  There  is  selection  for  oviposition  on  young  leaves  when  these 
become  available  in  a habitat.  The  availability  of  young  leaves  in  a 
given  habitat  is  probably  dependent  upon  local  edaphic  and  ecological 
factors  and  may  vary  considerably  among  different  geographic  re- 
gions. Such  oviposition-site  selectivity  may  be  selected  for  in  popu- 
lations of  palatable  butterflies  since  it  results  in  a reduced  risk  of 
predation  or  parasitism  since  the  insect  spends  less  time  as  a larva. 
But  since  many  tropical  plants  have  seasonal  vegetative  growth  pat- 
terns which  vary  within  species  in  different  habitats,  it  is  hypothe- 
sized that  any  observable  changes  in  predation  or  parasitism  rates  in 
the  herbivore  population  are  partly  accountable  in  terms  of  these 
patterns. 

(5)  The  regular  co-occurrence  (at  least  for  July  and  August)  of 
adult  D.  virgo  with  other  butterflies  which  resemble  the  female  to 
some  degree  suggests  the  possibility  of  the  existence  of  a mimicry 
complex  at  each  locality  studied.  The  butterfly  may  be  a Batesian 
mimic  of  the  ithomiid,  Oleria  zelica  pagasa  which  occurs  at  each  lo- 
cality; D.  virgo  is  less  abundant  than  O.  zelica  pagasa  at  each  lo- 
cality. The  presumed  palatability  of  D.  virgo  is  suggested  by  its  lar- 
val host  plant,  the  cryptic  appearance  and  behavior  of  the  larvae,  and 
the  very  low  population  density.  At  one  locality,  Cuesta  Angel,  a 
third  butterfly,  the  pierid  Itaballia  caesia  tenuicornis , may  also  enter 
the  mimicry  complex,  although  it  bears  less  mimetic  resemblance  to 
the  other  two  butterflies.  It  is  very  abundant  during  July  and  Au- 


78 


Psyche 


[September 


gust  (and  maybe  at  other  times  of  the  year)  and  this  may  be  a fur- 
ther indication  of  its  non-participation  in  the  mimicry  complex. 

(6)  From  observations  of  selective  advantage  associated  with  ovi- 
position  on  young  leaves  of  host  plants  by  herbivorous  insects,  in- 
cluding butterflies,  it  is  suggested  that  an  interesting  question  to  be 
investigated  is  the  possibility  of  the  occurrence  of  a shifting  palata- 
bility  spectrum  within  a local  insect  population,  which  oscillates  be- 
tween different  levels  of  palatability  at  different  times  of  the  year. 
Such  a hypothesis  assumes  differences  in  the  leaf  compounds  which 
endow  the  palatability  properties  of  a species,  between  young  and 
old  leaves  of  the  host  plant  in  question,  and  also  assumes  that  insects 
obtain  their  palatability  at  least  in  part  from  their  host  plants. 
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NATURAL  HISTORY  OF  THE  SPIDER 
HYPOCHILUS  THORELLI  MARX  (HYPOCHILIDAE)1 


By  Ian  C.  Fergusson 
Department  of  Biology, 

Western  Carolina  University,  Cullowhee,  N.  C.2 

Introduction 

Hypochilus  is  regarded  as  the  most  primitive  of  the  three  “hypo- 
chilomorph” spider  families:  the  Hypochilidae,  Austrochilidae  ( = 
Thaididae)  and  Hickmaniidae  (Marples,  1968).  These  small,  close- 
ly related  families  exhibit  character  states  resembling  both  those  of 
the  primitive  mygalomorph  spiders  (suborder  Orthognatha)  and  the 
araneomorph  spiders  (suborder  Labidognatha) . They  are  consid- 
ered to  be  the  most  primitive  araneomorphs  (Gertsch,  1958;  Mar- 
ples, 1968).  The  hypochilomorph  families  are  geographic  as  well  as 
phylogenetic  relicts,  being  represented  by  limited  populations  in  such 
widely-separated  areas  as  the  United  States  (Hypochilidae),  China 
(Hypochilidae),  Chile  (Austrochilidae),  and  Tasmania  (Hick- 
maniidae). Clearly,  a better  understanding  of  spider  evolution  may 
be  gained  from  studies  of  hypochilomorph  biology  (Marples,  1968; 
Shear,  1970). 

The  four  known  species  of  Hypochilus  occur  only  in  the  United 
States.  All  are  allopatric  and  are  found  only  in  mountainous  re- 
gions. 

Most  works  on  Hypochilus  have  used  only  morphological  char- 
acters to  determine  the  relationships  of  the  Hypochilidae  to  other 
spider  families.  Though  mention  has  been  made  of  web  structure 
(Comstock,  1940;  Gertsch,  1958;  Hoffman,  1963),  only  two  in- 
vestigators (Kraus,  1965,  and  Shear,  1970,  with  Hypochilus  gert- 
schi)  have  published  additional  behavioral  data.  Life  history  data 
on  Hypochilus  are  virtually  non-existent. 

The  present  study  was  undertaken  to  obtain  information  on  the 
natural  history  (ecology,  life  history,  and  behavior)  of  Hypochilus 
thorelli.  It  is  hoped  that  these  data  will  contribute  to  an  under- 
standing of  the  evolutionary  history  of  Hypochilus  and  the  Hypo- 

3From  a thesis  presented  to  the  graduate  faculty  of  Western  Carolina 
University  in  partial  fulfillment  of  the  requirements  for  the  degree  of 
Master  of  Arts  in  Biology. 

2Present  address:  524  Benton  Street,  Missoula,  Montana  59801 
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chilidae,  and,  in  addition,  help  explain  the  success  (abundance)  of 
this  relict  species. 


Methods 

Most  of  the  results  reported  here  are  based  on  field  observations 
made  from  July  1970  to  June  1971.  For  some  behavioral  observa- 
tions, spiders  were  kept  in  cardboard  boxes  in  a humid  basement 
room.  The  open  sides  of  the  boxes  were  covered  with  transparent 
plastic  wrap.  A headlamp  covered  with  a red  plastic  “filter”  was 
used  for  observing  behavior  at  night. 

I collected  H.  thorelli  in  the  following  localities  in  North  Caro- 
lina: Buncombe  County — 3 mi  S of  Dillingham,  Pisgah  National 
Forest  (females).  Graham  County  — Joyce  Kilmer  Memorial 
Forest  (egg  cases).  Haywood  County — Sherwood  Wildlife  Man- 
agement Area,  13  mi  SE  of  Waynesville  (immatures).  Jackson 
County  — Cullowhee  Mountain,  8 mi  S of  Cullowhee  ( immatures, 
egg  cases)  ; Highway  107,  2 mi  N of  Glenville  (immatures,  egg 
cases)  ; Little  Mill  Creek,  5 mi  S of  Tuckaseigee  (males,  females)  ; 
Mull  Creek,  Caney  Fork  Game  Area  (males,  females,  immatures, 
egg  cases)  ; Tanassee  Creek  Reservoir,  12.5  mi  SE  of  Cullowhee 
(immatures)  ; Wayehutta  Creek,  2 mi  NE  of  Cullowhee  (male,  egg 
cases)  ; Whitewater  Falls,  8 mi  E of  Highlands  (immatures,  egg 
cases)  ; Wolf  Creek,  5 mi  S of  Cullowhee  (males,  females,  imma- 
tures, egg  cases).  Macon  County — Dry  Falls  and  Cullasaja  River 
gorge,  3 mi  NW  of  Highlands  (males,  females,  immatures,  egg 
cases).  Swain  County  — Clingman’s  Dome,  Great  Smoky  Moun- 
tains National  Park  (male)  ; Kephart  Prong  Trail,  GSMNP  (egg 
cases)  ; Nantahala  Gorge,  12  mi  SW  of  Bryson  City  (females,  egg 
cases).  Yancey  County  — “Lost  Cove”,  30  mi  NE  of  Asheville 
(egg  cases).  H.  thorelli  was  also  observed  but  not  collected  in 
Cherokee  and  Henderson  counties,  North  Carolina  and  in  Blount 
and  Sevier  counties,  Tennessee.  J.  Dan  Pittillo  collected  a mature 
male  at  Yonah  Mountain,  White  County,  Georgia. 

Repeated  observations  were  made  in  the  following  localities  where 
large  populations  of  >H.  thorelli  were  located:  in  Jackson  County  at 
Mull  Creek,  elev.  975  m (3200  ft),  and  Wolf  Creek,  elev.  730  m 
(2400  ft)  ; and  in  Macon  County  at  Dry  Falls,  elev.  1000  m 
(3300  ft). 

Natural  History 
Geographic  Distribution 

Hypochilus  thorelli  occurs  at  elevations  of  about  300  m ( 1000  ft) 
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and  above  in  the  Appalachian  Mountains  of  North  Carolina,  Ten- 
nessee, Georgia,  and  Alabama,  and  in  the  Cumberland  Plateau  of 
Tennessee  and  Kentucky.  Kaston  (1948)  reported  that  Petrunke- 
vitch  introduced  FI.  thorelli  into  Meshomasic  State  Forest  in  Con- 
necticut in  1932,  and  that  they  were  “holding  their  own”  in  1937. 

Petrunkevitch  (1932)  gave  the  Appalachian  distribution  as  a 
triangle  with  apices  at  Blowing  Rock,  North  Carolina,  Tallulah 
Falls,  Georgia,  and  Maryville,  Tennessee.  The  line  from  Tallulah 
Falls  northwest  to  Maryville  has  been  extended  farther  into  Georgia 
and  Alabama.  The  Appalachian  populations  are  separated  from  the 
Cumberland  populations  by  the  broad  valley  of  the  Tennessee  River. 
While  the  distribution  of  H.  thorelli  in  the  Appalachians  is  appar- 
ently limited  to  the  east,  south,  and  west  by  low  elevations,  no  such 
geographic  barrier  is  apparent  that  would  limit  its  northward  dis- 
tribution, or  the  southward  distribution  of  H.  gertschi,  known  from 
West  Virginia  and  northwestern  Virginia.  Yet  Petrunkevitch 
(1932)  and  Hoffman  (1963)  searched  in  favorable  habitats  in  the 
“isthmus”  of  western  Virginia,  and  were  unable  to  find  any  pop- 
ulations. 

Habitat 

The  optimum  habitat  for  H.  thorelli  in  North  Carolina  is  in  stream 
gorges  in  humid  deciduous  forests  at  elevations  of  600  to  1100  m 
(2000  to  3600  ft).  Webs  are  built  predominantly  on  sheltered  rock 
ledges.  The  undersurfaces  of  stream  bridges  and  logs  overhanging 
or  close  to  stream  banks  are  also  occasionally  inhabited. 

The  availability  of  web  substrate  is  a factor  which  limits  local 
distribution.  Stable  overhanging  or  vertical  surfaces  with  a number 
of  projections  or  nearby  plants  for  guy  line  attachment  are  necessary. 

Humidity  is  apparently  the  most  important  factor  limiting  local 
distribution.  H.  thorelli  webs  are  more  abundant  close  to  a stream 
than  farther  away.  Well-shaded  ledges  are  more  likely  to  be  inhabited 
than  poorly-shaded  ones.  Where  the  ledges  are  well-shaded,  the  webs 
are  built  at  any  place  providing  good  attachment  points.  On  poorly- 
shaded  ledges  webs  are  built  close  to  the  ground,  usually  behind  low 
vegetation  where  increased  shade  and  plant  transpiration  keep  the 
humidity  higher. 

Marginal  habitats  located  included  an  unshaded  roadside  ledge 
100  m across  cleared  land  from  the  nearest  stream  (Graham  County) 
and  a ledge  in  dense  spruce-fir  forest  on  the  side  of  Clingman’s  Dome 
at  an  elevation  of  1891  m (6200  ft). 

Hypochilus  was  observed  from  397  to  1891  m (1300  to  6200  ft), 
but  is  rare  above  1370  m (4500  ft). 
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Figure  1.  Generalized  web  structure  of  H.  thorelli.  S.S.,  substrate  silk; 
L.,  lampshade;  S.L.,  support  line;  F.L.,  frame  line;  T.,  tangle.  Drawn 
from  photos. 


The  densest  population  observed  was  at  Mull  Creek,  Jackson 
County,  where  59  individuals  were  counted  one  day  in  June  on  a 
rock  ledge  approximately  15  m long  and  1 to  3 m high. 

Petrunkevitch  (1932)  and  Hoffman  (1963)  noted  that  >H.  thorelli 
occurs  in  noticeably  drier  situations  in  the  Cumberlands  than  in  the 
Appalachians.  J.  Beatty  (pers.  comm.)  says  that  the  Alabama  popu- 
lations of  H.  thorelli  occupy  moist  sites  when  available,  and  he  does 
not  consider  them  abundant  in  drier  situations.  Perhaps,  as  he  sug- 
gests, the  Cumberland  populations  have  a wider  range  of  moisture 
tolerance  than  do  the  Appalachian  populations.  Hoffman  (1963) 
and  Shear  (1970)  noted  that  H.  gertschi  prefers  drier  situations 
than  does  H.  thorelli , even  though  moist  sites  are  available. 

Prey  Capture 

TV eb  construction . The  web  of  Hypochilus  is  usually  described 
(Comstock,  1940;  Gertsch,  1958;  Shear,  1970)  as  a “lampshade- 
shaped”  mesh.  The  narrower  inner  end  of  the  lampshade  is  at- 
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tached  to  a circular  sheet  of  silk  laid  down  on  the  substrate.  The 
sides  of  the  lampshade  extend  away  from  the  substrate,  flaring  to  a 
larger  mouth.  An  extensive  tangle  of  lines  connects  the  lampshade 
to  the  surrounding  substrate  and  serves  to  keep  the  lampshade  taut. 
Sticky  silk  is  found  only  in  the  lampshade  and  support  lines  (Shear, 
1 97° )• 

The  web  of  H.  thorelli  (Figures  1-3)  is  similar  to  that  of  1 H. 
gertschi,  as  described  by  Shear  (1970).  This  includes  (following 
Shear’s  terminology))  the  meshed  lampshade,  with  10-15  paired 
support  lines  attaching  it  to  a frame  line,  which  is  guyed  to  the  sub- 
strate and  to  the  extensive  angle  of  threads  below  the  lampshade. 
H.  thorelli  rests  with  its  ventral  surface  appressed  to  the  substrate, 
with  all  legs  touching  the  lampshade  at  its  base  (Figure  4).  This  is 
somewhat  different  from  the  position  of  H.  gertschi , which  holds  on 
to  the  lampshade  with  its  first  two  pairs  of  legs,  and  to  the  circular 
sheet  with  its  last  two  pairs  (Shear,  1970). 

I measured  lampshade  base  diameter,  mouth  diameter,  and  depth 
of  10  H.  thorelli  webs.  The  range  of  values  obtained  was:  base 
diameter  2.2-7. 4 cm,  mouth  diameter  3.3-14.2  cm,  depth  1.5-9. 5 
cm.  I also  measured  base  diameter  of  134  webs  in  an  attempt  to  de- 
termine age  classes  (see  Life  History  below). 

Comstock  (1940)  observed  web  construction  behavior  in  H. 
thorelli.  He  found  that  the  disc  of  silk  was  first  laid  down  on  the 
substrate,  then  the  foundations  of  the  lampshade  were  constructed, 
and  finally  the  lampshade  itself  was  completed.  The  only  construc- 
tion activity  I observed  was  web  repair  after  prey-capture.  The 
spider  combs  its  cribellum  silk  with  the  calamistra  on  the  last  pair 
of  legs,  while  applying  silk  to  the  damaged  area.  The  edges  of  the 
torn  area  of  the  lampshade  are  pulled  together  with  the  other  legs 
during  this  process.  The  spider  often  returns  to  the  web  base,  pulls 
on  the  sides  of  the  lampshade  to  test  its  tension,  and  then  resumes 
work  if  the  repair  is  not  “satisfactory.”  Extensive  web  repair,  and 
probably  also  web  construction,  takes  place  at  dusk  and  night;  it  was 
not  observed  during  daylight. 

Predatory  behavior.  H.  thorelli  does  not  respond  to  prey  in  the 
tangle  below  the  lampshade  unless  the  impact  is  violent,  in  which 
case  it  reacts  as  it  does  to  a threat  (see  Defensive  Behavior).  A 
prey  struggling  in  the  sticky  lampshade  causes  the  spider  to  test  web 
tension  by  flexing  its  legs  and  tightening  the  web  in  order  to  locate 
the  prey.  (One  very  large  and  vigorous  insect  — an  ichneumonid 
wasp  — caused  a defensive  reaction  when  it  was  caught  in  the  lamp- 
shade.) The  spider  than  orients  so  that  it  faces  the  prey.  Usually 
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Figure  2.  Web  of  H.  thorelli,  lateral  view.  Note  position  of  spider 
against  substrate.  Photo  by  L.  Tucker. 

Figure  3.  Web  of  H.  thorelli  seen  from  below.  Note  tangle  and  flaring 
of  lampshade.  The  spider  is  at  the  center  of  the  web  base. 
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Figure  4.  H.  thorelli  in  web.  Note  cryptic  coloration  and  the  legs  grasp- 
ing the  lampshade.  Photo  by  L.  Tucker. 
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it  anchors  its  last  pair  of  legs  on  the  silk  base  and  uses  the  other 
legs  to  grasp  the  silk  near  the  prey  and  pull  it  toward  its  chelicerae. 
The  struggling  of  the  prey,  combined  with  the  pulling  of  the  spider, 
often  thoroughly  entangles  the  prey.  When  it  has  pulled  the  prey 
close,  the  spider  lunges  forward  and  bites  it  repeatedly,  frequently 
touching  the  prey  with  its  pedipalps.  Occasionally  the  spider  may 
lunge  at  the  prey  without  first  pulling  on  it.  It  may  also  bite  the 
prey  and  hold  on  for  2-3  minutes  before  releasing  it. 

After  the  prey  is  dead  (2-10  minutes),  the  spider  usually  cuts  it 
out  of  the  web  with  its  chelicerae,  carries  it  back  to  the  web  base, 
and  assumes  its  usual  resting  position.  It  then  feeds,  holding  the 
prey  only  with  its  chelicerae.  After  feeding,  the  spider  simply  drops 
the  prey  remains  out  of  the  web. 

One  prey,  an  immature  Homoptera,  was  rejected  after  being 
killed.  The  spider  cut  it  out  of  the  web  and  allowed  it  to  drop  out. 

On  no  occasion  did  I observe  H.  thorelli  wrap  prey  or  otherwise 
use  silk  to  subdue  prey,  though  I did  observe  one  peculiar  use  of 
silk.  A Hypochilus  attacked  and  killed  a small  gnaphosid  spider, 
then  cut  it  out  of  the  web.  It  placed  the  smaller  spider  against  its 
spinnerets,  where  it  was  held  by  silk.  The  spider  then  climbed  back 
to  the  web  base  and  pressed  the  gnaphosid  against  the  base  sheet, 
where  it  remained  attached.  The  spider  then  went  back  to  the  at- 
tack site  and  began  repairing  the  web. 

Prey.  I collected  40  different  prey  remains  from  H.  thorelli 
webs.  Insect  families  represented  were  Tipulidae  (8),  Formicidae 
(4),  Gryllacrididae  (2),  Ptilodactylidae,  Cerambycidae,  Lampyridae, 
and  Cicadellidae  (one  each).  Nine  specimens  could  only  be  identi- 
fied to  order:  Diptera  (6),  Coleoptera,  Trichoptera,  Lepidoptera 
(one  each).  Other  arthropods  included  9 opilionids  and  4 spiders 
(one  gnaphosid,  one  lycosid,  one  Hypochilus , and  one  Antrodiaetus.) 

The  most  common  prey,  opilionids  (daddy-longlegs)  and  tipulids 
(crane  flies),  are  extremely  abundant  in  the  situations  in  which  H. 
thorelli  constructs  its  webs.  Ants  (Formicidae)  are  also  common  on 
rock  faces.  Cave  crickets  (Gryllacrididae)  are  also  abundant,  but 
are  apparently  usually  able  to  avoid  H.  thorelli  webs.  At  Wolf 
Creek,  I observed  a number  of  cave  crickets  leaving  a deep  crevice, 
at  the  mouth  of  which  was  a large  Hypochilus  web.  The  long  an- 
tennae of  the  cave  crickets  enabled  them  to  detect  the  web  before 
they  could  become  entangled. 

The  single  case  of  cannibalism  occurred  with  captive  specimens. 
One  female  left  her  box  compartment  before  building  a web  and 
wandered  into  the  adjacent  compartment  containing  a female  that 
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had  already  built  a web.  The  remains  of  the  first  female  were  di- 
rectly under  the  other’s  web,  but  there  was  no  evidence  of  damage 
to  the  web,  so  I do  not  know  if  the  first  female  became  entangled 
or  was  attacked  on  the  guy  lines. 

fVeb  junction.  The  circular  sheet  of  silk  laid  down  on  the  sub- 
strate serves  as  an  attachment  point  for  the  lampshade,  and  provides 
an  anchor  point  for  the  spider’s  last  pair  of  legs  during  prey  capture. 
The  lampshade,  containing  sticky  cribellate  silk,  is  the  actual  prey 
trap.  In  addition,  the  lampshade  serves  as  a protective  retreat  for 
the  spider. 

The  support  and  frame  lines  in  H.  thorelli  webs  function  chiefly 
in  support  of  the  lampshade.  They  are  too  far  apart  to  form  an 
efficient  prey  trap,  but  may  help  deflect  flying  insects  into  the  lamp- 
shade. These  lines  also  serve  to  signal  the  approach  of  a potential 
predator  (see  Defensive  Behavior  below).  The  tangle  of  threads 
serves  to  support  and  anchor  the  lampshade.  A secondary  function 
of  the  tangle  is  to  warn  of  potential  predators.  Although  prey  do 
become  briefly  caught  in  the  tangle,  H.  thorelli  does  not  attack  them 
there. 

The  web  of  Hypochilus  is  not  as  efficient  as  a two-dimensional  orb 
web  (in  terms  of  effective  area  covered  per  quantity  of  silk),  but 
it  has  the  advantage  over  such  strictly  aerial  or  other  strictly  ground 
webs  of  being  able  to  capture  both  crawling  and  flying  arthropods. 
The  two  most  abundant  prey  (see  above)  were  tipulids  (flying 
arthropods)  and  opilionids  (crawling  ones).  Crawling  arthropods 
— ants,  daddy-longlegs,  cave  crickets,  and  spiders  — comprised  47.5% 
of  the  40  prey  remains  I collected.  These  ground  arthropods  prob- 
ably encounter  the  base  of  the  lampshade  while  crawling  on  the  rock 
surface.  The  flaring  of  the  lampshade  enables  it  to  capture  these 
prey  when  they  struggle  and  fall  after  contacting  the  lampshade 
base.  Thus  the  lampshade  is  able  to  intercept  movements  that  are 
either  perpendicular  to  the  substrate  or  parallel  to  it. 

Since  it  builds  an  aerial  web  and  does  not  use  silk  either  to  over- 
come or  secure  prey,  Shear  (1970)  placed  Hypochilus  between 
steps  2 and  3 in  the  scheme  of  spider  prey-capture  evolution  pro- 
posed by  Eberhard  ( 1967)  : 

1.  No  web  is  spun,  prey  subdued  by  biting. 

2.  Ground  web  spun,  prey  subdued  by  biting. 

3.  Aerial  web  spun,  prey  subdued  by  biting  and  wrapped  to  pre- 
vent loss  during  subsequent  attacks. 

4.  Aerial  web  spun,  prey  subdued  by  biting  and  wrapping. 

5.  Aerial  web  spun,  prey  subdued  by  wrapping  only. 
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My  own  observations  indicate  that  Hypochilu?  may  be  placed 
somewhat  closer  to  step  2,  since  its  web,  both  in  placement  (on  rock 
ledges)  and  in  function  (capturing  ground  and  aerial  arthropods 
in  nearly  equal  numbers),  is  neither  strictly  a ground  nor  strictly 
an  aerial  web.  Kaston  (1964)  hypothesized  that  early  snares  arose 
from  a fringe  of  drag  lines  radiating  from  the  mouth  of  a silk-lined 
retreat.  Shear  (1970)  proposed  that  “the  web  of  Hypochilus  can 
easily  be  derived”  from  such  a structure,  and  suggested  that  the 
lampshade  may  represent  an  extension  of  the  original  retreat,  while 
the  paired  support  lines  may  represent  the  capture  (originally  drag) 
lines  in  Kaston’s  scheme. 

Defensive  Behavior 

The  defensive  behavior  of  H.  thorelli  is  very  similar  to  that  de- 
scribed by  Shear  (1970)  for  H.  gertschi.  There  are  three  major 
components  to  the  defensive  behavior:  “vibrating,”  “running,”  and 
“death-feigning” ; and  one  minor  component,  “crouching.”  The  vi- 
brating response  is  elicited  by  a mild  disturbance  of  the  frame  and 
support  lines.  The  spider  reacts  by  oscillating  its  body  rapidly  in 
a plane  perpendicular  to  the  substrate  surface. 

Disturbance  of  the  mesh  of  the  lampshade  may  trigger  one  or 
more  of  the  other  three  responses.  The  “crouching”  response  is  one 
in  which  the  disturbed  spider  withdraws  to  one  side  of  the  web  base 
and  huddles  there.  Usually,  if  the  disturbance  is  continued,  this  is 
followed  by  the  “running”  response,  in  which  the  spider  cuts  through 
the  lampshade  with  its  chelicerae  and  runs  along  the  substrate.  The 
spider  may  instead  scramble  over  the  mouth  of  the  lampshade,  and 
then  run  along  the  substrate.  Rarely,  the  spider  cannot  be  provoked 
into  any  action  other  than  “crouching.” 

Touching  the  spider  or  suddenly  disturbing  the  mesh  often  re- 
sults in  the  spider’s  leaping  suddenly  out  of  the  web.  Leaping  (rather 
than  simply  dropping)  enables  spiders  in  webs  on  vertical  rock  faces 
to  clear  the  edge  of  the  lampshade.  Upon  striking  the  ground,  the 
spider  assumes  the  folded  position  shown  in  Figure  5.  Spiders  in 
this  position  are  very  difficult  to  see  in  the  ground  cover  beneath 
the  web.  They  remain  in  the  “death-feigning”  position  for  5 to  15 
minutes,  then  climb  back  up  the  substrate  until  they  encounter  either 
the  tangled  portion  of  the  web  or  the  web  base.  This  procedure 
usually  presents  no  particular  difficulty,  as  the  spiders  are  directly 
under  the  web  when  they  land.  No  dragline  is  spun  when  the  spiders 
leave  their  webs  by  running  or  leaping.  Probably  gravitational  cues 
are  used  in  orientation,  at  least  until  silk  is  encountered. 


1972] 


Fergusson  — Hypochilus  thorclli 


189 


Figure  5.  Mature  female  of  H.  thorelli  im  “death-feigning”  position. 
The  legs  of  this  specimen  are  less  tightly  flexed  than  usual,  since  the  spider 
had  to  be  moved  in  order  to  obtain  the  photo.  Photo  by  L.  Tucker. 
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Mature  males,  when  disturbed,  either  run  or  flatten  themselves 
against  the  substrate,  but  none  were  observed  to  “feign  death.” 

The  function  of  the  vibrating  response  is  unclear.  It  does  not 
resemble  the  “testing”  of  web  tension,  which  is  accomplished  in  a 
different  manner  (see  Predatory  Behavior  above).  It  may  aid  in 
camouflage  by  blurring  the  visual  image  received  by  a predator. 
Vibrating  may  function  in  dispersing  a defensive  chemical,  as  it 
does  for  some  opilionids,  or  it  may  be  mimicry  of  such  behavior. 

Another  important  defensive  mechanism  is  the  cryptic  coloration 
of  Hypochilus  (Figure  4),  which  allows  it  to  blend  in  remarkably 
well  with  rock  surfaces  when  in  its  usual  resting  position. 

H.  thorelli  does  not  display  autotomy,  a common  defensive  mech- 
anism among  most  other  spiders. 

Reproductive  Biology 

Morphological  and  behavioral  changes.  Males  mature  early  in 
August.  (I  collected  the  first  mature  specimen  on  5 August;  they 
became  abundant  soon  after  then  until  October,  and  the  last  one 
was  observed  on  7 November.)  The  males  undergo  their  final  molt 
in  a molting  web.  This  web  has  a circular  base  of  about  the  same 
size  as  the  base  of  the  usual  web,  but  the  sides  of  the  web  extend 
away  from  the  substrate  for  about  12-15  cm,  tapering  to  a mouth 
somewhat  smaller  than  the  base.  The  mouth  is  sealed  off  with  a 
loose  network  of  silk.  Whether  they  alter  their  old  webs  or  move 
to  new  locations  to  build  the  molting  web  is  unknown.  The  molt- 
ing web  probably  offers  greater  protection  from  predators  during  the 
(presumably)  more  difficult  final  molt.  W.  A.  Shear  (pers.  comm.) 
reports  that  the  same  type  of  web  is  constructed  by  males  of  H. 
gertschi. 

Sexually  mature  males  are  strikingly  different  in  appearance  from 
immature  specimens  and  females.  In  addition  to  other  morphologi- 
cal changes,  they  develop  relatively  longer  legs  (Figure  6)  in 
the  final  molt  and  the  legs  change  in  color  from  pale  yellow  and 
brown  to  dark  reddish-brown.  The  greater  length  of  the  legs  of  the 
males  is  related  to  their  use  as  tactile  organs  during  courtship  be- 
havior (see  below),  and  may  also  improve  locomotion  during  their 
search  for  females  (see  also  below).  The  reddish-brown  coloration 
is  a result  of  heavier  cuticular  sclerotization,  which  lends  greater 
strength  to  the  elongate  appendages.  The  color  is  not  as  cryptic  as 
is  the  normal  coloration. 

Several  changes  in  behavior  occur  with  the  final  molt  (see  also 
Defensive  Behavior  above).  The  males  cease  feeding,  let  their  webs 
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Figure  6.  Mature  male  and  female  of  H.  thorelli.  Note  the  greater  leg 
length  of  the  male  (on  left).  Photo  by  L.  Tucker. 


Figure  7.  Mating  position  of  H.  thorelli.  Male  black,  female  in  out- 
line. Drawn  from  field  sketch. 
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degenerate,  and  wander  in  search  of  females.  Most  of  the  wander- 
ing is  nocturnal,  and  the  males  are  usually  inactive  during  the  day- 
light, often  resting  within  the  circular  base  of  an  abandoned  web. 

Females  do  not  undergo  a drastic  physical  metamorphosis  during 
their  final  molt,  and  they  continue  to  carry  on  their  normal  preda- 
tory and  defensive  behavior  patterns. 

Courtship  and  mating.  In  all  19  observations  of  courtship  be- 
havior, wandering  males  were  seen  to  use  their  first  pair  of  legs  as 
“feelers,”  often  waving  them  about  when  advancing  along  a rock 
surface.  When  a male  makes  contact  with  silk,  he  stops  immediately 
with  one  or  both  first  legs  touching  the  silk.  (No  males  were  seen 
to  contact  any  silk  but  that  of  1 Hypochilus  webs ; what  their  reaction 
is  to  other  webs  is  unknown.)  After  a brief  pause,  he  strokes  the 
web  with  one  first  leg.  The  stroke  may  be  either  a “tapping”  of 
the  silk,  or  a plucking  motion  wherein  he  extends  his  leg  over  the 
silk,  then  draws  it  across  the  silk  back  toward  his  body.  If  this 
precipitates  an  attack  by  the  female,  he  backs  rapidly  away  for  8 to 
15  cm.  If  no  rush  occurs  (usually  the  case  when  the  male  has  con- 
tacted the  guy  lines  of  the  web) , the  male  proceeds  a little  farther 
and  strokes  the  silk  again.  If  by  this  time  he  has  reached  the  support 
lines  or  the  mesh  of  the  lampshade,  his  stroke  will  cause  a rush  by 
the  female  and  he  backs  away,  returning  again  after  a pause  of  from 
30  seconds  to  well  over  an  hour.  This  sequence  may  go  on  for  some 
time,  usually  ending  with  the  male’s  leaving  in  search  of  another  fe- 
male. One  such  encounter  observed  went  on  for  3 hours,  after  which 
time  the  male  left. 

The  female  usually  exhibits  a normal  predatory  response  at  first. 
After  several  fruitless  rushes,  however,  the  female  may  scramble  out 
of  the  lampshade  and  onto  the  guy  lines  in  pursuit  of  the  male.  (No 
females  were  seen  to  actually  capture  any  males.)  One  female  did 
not  show  any  response  at  all  to  a male  that  held  on  to  the  lampshade 
for  1.5  hours.  This  male  had  stroked  the  web  only  once. 

One  female  attacked  five  times  in  25  minutes,  but  stopped  and  al- 
lowed the  male  to  enter  her  web.  He  remained  there  for  1 hour, 
during  which  time  they  approached  very  closely.  Both  “tapped”  fre- 
quently, often  striking  one  another.  This  encounter  did  not  result  in 
copulation;  the  male  abruptly  left  with  no  apparent  threat  by  the 
female. 

Mating  behavior  was  observed  once  (13  September  1970),  with 
captive  specimens.  The  male  contacted  the  female’s  web  10  minutes 
after  he  was  introduced  to  the  box  (at  6:58  PM),  and  plucked  the 
web.  The  female  gave  no  apparent  reaction,  and  the  male  suddenly 
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scrambled  into  the  lampshade.  The  female  positioned  her  legs  so 
that  they  held  her  away  from  the  substrate,  with  her  abdomen  in- 
clined away  from,  and  her  cephalothorax  parallel  to,  the  substrate 
(Figure  7).  The  male  approached  from  the  front  and  maneuvered 
between  the  substrate  and  the  female’s  cephalothorax,  so  that  the 
dorsal  side  of  his  abdomen  was  in  close  proximity  to  the  ventral  side 
of  her  cephalothorax.  The  pair  was  turned  in  such  a way  that  it 
was  not  possible  to  see  the  manner  of  insertion  of  the  pedipalps.  After 

3 minutes,  the  male  disengaged,  but  remained  in  the  web.  Both  re- 
mained in  crouching  positions  inside  the  web  until  the  end  of  the 
observation  2.5  hours  later.  I cannot  definitely  say  whether  or  not 
sperm  transfer  took  place,  as  the  female  died  a week  later  without 
depositing  eggs. 

Since  the  single  observed  case  of  mating  took  place  with  such  ap- 
parent ease,  it  may  be  that  the  other  cases  observed  involved  females 
that  had  already  mated  and  were  not  receptive.  The  female  observed 
mating  had  been  captured  on  7 August  and  may  not  have  had  an 
opportunity  to  mate. 

Visual  signals  are  not  important  in  courtship  behavior.  Web  vi- 
brations are  the  only  obvious  signals  employed.  Pheromones  may 
possibly  be  released  by  receptive  females  upon  receiving  tactile  sig- 
nals from  the  males. 

Courtship  and  mating  patterns  are  those  that  are  to  be  expected 
of  a sedentary  species  with  poor  vision.  Courtship  is  generalized,  in- 
volving no  elaborate  displays  on  the  part  of  the  male,  who  alerts  the 
female  by  simply  pulling  on  the  web.  The  mating  position  assumed 
is  the  “Dysdera  embrace”  common  to  web-building  araneomorphs 
(Gertsch,  1949). 

Oviposition.  Eggs  are  deposited  several  weeks  after  mating.  (I 
found  the  first  egg  sac  on  9 September.)  The  eggs  are  surrounded 
by  a slightly  flattened  sac  of  tough,  opaque  silk  about  6 to  8 mm  by 

4 to  5 mm,  with  a continuous  seam  dividing  it  into  two  halves  along 
the  long  axis.  Covering  the  opaque  silk  is  a layer  of  finely  meshed  silk, 
in  which  are  embedded  bits  of  wood,  leaves,  moss,  small  flakes  of 
stone,  and  lichens  so  that  the  white  sac  itself  is  scarcely  visible  (Fig- 
ure 8).  The  entire  sac  is  suspended  at  one  end  by  one  or  two  thick 
strands  of  silk  and  several  fine  strands  so  that  it  dangles  from  the  rock 
surface,  or  it  is  held  fairly  securely  to  the  rock  surface  by  a number 
of  strands  attached  at  several  different  points.  The  covering  of  the  sac 
usually  matches  the  adjacent  rock  surface.  At  Dry  Falls,  I observed 
two  sacs  one  foot  apart.  One  of  these  was  on  a section  of  rock  cov- 
ered with  moss ; the  sac  was  covered  primarily  with  moss.  The  other 


194 


Psyche 


[September 


Figure  8.  Egg  sac  of  H.  thorelli.  Note  covering  of  egg  sac  and  the  two 
suspending  threads. 
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sac  was  on  a section  of  rock  covered  with  gray  lichens ; this  sac  was 
covered  with  gray  lichens.  No  covering  is  put  on  the  sac  when  it 
is  attached  to  a bare  rock  or  one  covered  with  white  crustose  lichens. 
The  sacs  are  attached  some  distance  away  from  any  webs,  though  in 
the  same  microhabitats,  and  the  females  do  not  guard  them  after  they 
are  completed. 

I have  records  (field  notes)  for  48  single  egg  cases,  12  records  of 
2 cases  attached  together,  and  1 record  of  3 together.  Not  all  of 
these  were  collected,  however,  so  I have  records  of  egg  numbers  for 
only  1 pair  (50  and  103  eggs)  and  for  the  single  instance  of  3 sacs 
attached  together  (45,  81,  and  92  eggs).  The  mean  for  25  single 
egg  sacs  examined  was  74.4  eggs;  range  31-109.  Eggs  are  whitish 
and  spherical,  measuring  about  1.10  mm  in  diameter  (mean  of  25 
eggs  measured  after  2 days  in  80%  ethanol;  range  1. 07-1. 15  mm). 

I was  unable  to  determine  the  number  of  egg  sacs  constructed  per 
female.  Presumably  when  two  cases  are  attached  at  the  same  place 
on  the  rock  face,  they  were  deposited  by  the  same  female.  Females 
were  observed  with  incomplete  egg  cases  (lacking  camouflage)  on 
9 September,  28  October,  21  and  22  November.  In  all  instances  the 
cases  were  sealed  up  and  attached  by  a single  strand. 

Life  History 

Postembryonic  development.  Egg  sacs  are  deposited  from  Septem- 
ber through  November.  The  winter  is  spent  in  the  egg  stage,  with 
eclosion  occurring  in  the  spring.  One  sac  containing  “prelarvae” 
(see  below)  was  collected  on  6 March  (elev.  700  m),  but  until  20 
April,  all  others  collected  still  contained  only  eggs.  Twelve  sacs 
were  collected  on  27  April  in  the  Nantahala  Gorge  (elev.  600  m)  ; 
all  of  these  still  contained  eggs. 

In  H.  thorelli , there  appear  to  be  five  instars  between  eclosion  and 
dispersal  from  the  egg  sac.  (I  determined  these  by  examination  of 
preserved  egg  sacs  collected  from  March  through  May.)  After  the 
terminology  of  Vachon  (1957),  there  are  two  prelarvae,  one  larva, 
one  prenymph,  and  one  nymph.  The  nymph  is  the  active  stage  (about 
2 mm  in  total  length)  that  emerges  from  the  egg  sac  and  constructs 
a web.  Hereafter  nymphal  stadia  will  be  referred  to  as  spiderlings. 

Dispersal  and  first  web.  Spiderlings  were  first  found  out  of  the 
egg  sac  on  25  May.  Many  of  these  were  still  within  the  opened 
egg  sac.  Those  that  were  out  of  the  sac  were  on  the  adjacent  rock 
face.  Silk  was  present  where  the  spiderlings  had  gathered,  but  no 
definite  webs  were  visible.  The  sac  involved  had  been  marked  on 
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Figure  9.  Base  diameters  of  134  webs  of  H.  thorelli.  Explanation  in 
text. 

Figure  10.  Length  of  the  tibia  of  the  first  leg  of  H.  thorelli,  164  speci- 
mens. Explanation  in  text. 
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27  October.  This  sac,  like  all  others  observed  (including  those  left 
over  from  previous  years) , had  been  opened  at  the  top. 

The  spiderlings  probably  disperse  from  the  sac  simply  by  scattering 
out  over  the  substrate.  The  small  first  web  is  similar  to  that  built 
by  adult  spiders,  though  the  tangle  appears  to  be  relatively  less  ex- 
tensive than  in  the  adult  webs,  and  resembles  a flat  sheet  more  than 
a three-dimensional  tangle.  The  lampshade  portion  of  the  web  ap- 
pears to  be  shallower  than  in  adult  webs.  The  spiderlings  assume 
the  same  resting  position  as  adult  spiders. 

Life  cycle.  After  constructing  webs,  the  spiderlings  begin  feed- 
ing, and  grow  until  fall.  I did  not  determine  the  number  of  molts 
involved.  They  do  not  attain  sexual  maturity  during  the  August 
following  eclosion.  They  apparently  spend  the  winter  in  crevices  in 
the  rock  substrate.  (I  found  one  at  Mull  Creek  in  March  by  pull- 
ing large  loose  rock  flakes  off  an  overhang.)  These  spiders  appear 
again  in  the  spring.  The  first  ones  were  found  14  March  at  White- 
water  Falls  and  15  March  at  Wolf  Creek.  By  early  May  all  the 
overwintering  spiders  are  again  active.  They  then  grow  and  reach 
sexual  maturity  in  August  (see  Reproductive  Biology).  All  males 
die  during  the  fall;  a few  females  survive  until  the  following  spring. 
(I  found  thre  active  adult  females  during  April  and  May.) 

Data  for  the  length  of  the  life  cycle  were  obtained  by  measuring 
the  sizes  of  webs  and  by  measuring  the  sizes  of  the  spiders.  On  the 
assumption  that  the  size  of  the  web  base  is  proportional  to  the  size 
of  the  spider  ( which  sits  with  its  legs  radiating  out  to  touch  the  sides 
of  the  web  base),  and  that  the  size  of  the  spider  is  proportional  to 
its  age,  I measured  web  base  diameter  of  134  webs  (Figure  9)  of 
H.  thorelli  during  August  and  September,  1970.  (The  length  of 
time  involved  may  have  introduced  some  bias  into  the  results.)  Fig- 
ure 9 shows  that  there  are  two  classes  of  web  size,  with  a break  be- 
tween 3.2  and  3.8  cm.  This  suggests  that  there  are  two  age  classes 
of  spiders  during  late  summer:  those  that  had  hatched  the  previous 
spring,  and  those  that  are  of  reproductive  age. 

For  another  sample  of  spiders,  I measured  the  length  of  the  tibia 
of  the  first  leg  to  determine  size  classes.  Carapace  width  or  length 
were  not  discrete  enough  to  measure  reliably.  Collections  of  spiders 
for  measurement  were  made  from  23  October  until  1 November. 
Because  two  broad  groups  were  in  evidence  at  the  time  — large,  ac- 
tively reproducing  spiders  and  smaller,  non-reproducing  ones  — an 
attempt  was  made  to  collect  only  a large  number  of  smaller  ones 
to  determine  the  number  of  years  required  to  reach  sexual  maturity. 
However,  five  adults  were  collected  during  that  time  period.  Fig- 
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ure  10  shows  the  results  obtained.  The  values  of  10.8  mm  and  larger 
represent  the  adult  (sexually  mature)  female  spiders.  The  distribu- 
tion characteristics  of  the  values  from  2. 4-7. 7 mm  show  that  only 
one  age  class  of  non-reproductive  spiders  is  present;  i.e.  the  pre-re- 
productive  period  lasts  for  about  two  years  (from  egg  to  maturity). 
I performed  a skewness  test  on  the  distribution  which  verified  that 
it  represents  a sample  from  a normally-distributed  population  (P 
O.95 ) . This  agrees  with  the  above  data  obtained  from  measuring 
web  base  diameters.  Figure  10  does  not  indicate  the  length  of  the 
life  cycle  following  sexual  maturity.  However,  because  I found  no 
extremely  large  spiders  during  the  fall,  and  because  of  the  web  base 
measurements  (which  were  not  recorded  selectively),  I feel  that 
individuals  of  H.  thorelli  reproduce  for  only  one  year,  with  perhaps 
a very  small  proportion  of  females  reproducing  for  a second  year. 

Although  no  other  papers  on  hypochilomorph  life  history  have  been 
published,  one  would  expect  these  primitive  spiders  to  have,  like  H. 
thorelli , life  cycles  of  more  than  one  year.  All  mygalomorphs  have 
life  cycles  of  several  years,  and  a few  of  the  more  primitive  araneo- 
morphs  (some  segestriids,  scytodids,  and  filistatids)  live  for  more 
than  one  year  (Gertsch,  1949).  Although  some  higher  araneomorphs 
such  as  an  araneid,  some  lycosids,  and  a pisaurid  (Dondale,  1961) 
require  two  years  to  reach  sexual  maturity,  most  live  for  only  a 
single  year. 


Conclusions 

Although  a member  of  taxa  which  are  phylogenetically  and  geo- 
graphically relict,  Hypochilus  thorelli  is  surprisingly  abundant.  Its 
success  can  be  attributed  in  part  to  the  relative  abundance  of  its 
specialized  habitat  within  the  southern  Appalachians,  and  to  its  gen- 
eralized prey-capture  mechanism. 

The  hypochilomorph  spiders  are,  on  morphological  evidence,  con- 
sidered essentially  intermediate  between  the  mygalomorphs  and  ara- 
neomorphs. This  conclusion  is  also  supported  by  some  of  the  be- 
havorial  and  life  history  characteristics  of  H.  thorelli.  Its  web  is 
more  advanced  than  any  such  structure  among  the  mygalomorphs; 
its  method  of  subduing  prey  by  simply  biting  it  to  death  is  also  prim- 
itive. Its  life  cycle  is  longer  than  that  of  most  araneomorphs,  yet  is 
not  as  long  as  that  of  most  mygalomorphs. 
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ON  THE  IDENTITY  OF  THREE  GENERA 
OF  CAMBALOID  MILLIPEDS  FROM 
THE  AUSTRALIAN  REGION  (SPIROSTREPTIDA)* 

By  Richard  L.  Hoffman 
Radford  College,  Radford,  Virginia  24141 

In  his  large  and  important  paper  “The  Myriapoda  of  the  Aus- 
tralian Region”  R.  V.  Chamberlin  (1920)  described  a great  num- 
ber of  new  genera  and  species  of  diplopods  in  very  succinct  terms 
and  without  a single  illustration  of  the  male  genitalia.  As  a result 
the  majority  of  these  taxa  have  remained  down  to  the  present  time 
as  frustrating  enigmata  to  other  students  of  Diplopoda  and  have  im- 
peded the  orderly  development  of  classification  in  several  orders  of 
this  class.  Inasmuch  as  the  material  named  by  Chamberlin  in  this 
and  many  other  papers  is  deposited  in  the  Museum  of  Comparative 
Zoology,  that  institution  has  become  something  of  a Mecca  in  recent 
years  for  diplopodologists  who  have  visited  it  in  search  for  the  truth 
that  lies  concealed  behind  the  veil  of  Chamberlinian  descriptions. 

On  recently  beginning  a study  of  the  world  fauna  of  the  milliped 
suborder  Cambalidea,  I was  confronted  by  the  fact  that  the  1920 
paper  contained  the  debut  of  13  new  species  and  three  new  genera 
of  cambaloids  from  Australia,  New  Zealand,  Tasmania,  and  several 
Pacific  island  groups.  An  appeal  to  Dr.  H.  W.  Levi  resulted  in  the 
prompt  and  generous  loan  of  typical  material  representing  all  three 
of  the  genera,  and  since  some  time  may  pass  before  completion  of  the 
general  synopsis  of  the  suborder,  it  seems  desirable  to  place  on  rec- 
ord a short  account  of  these  taxa  for  the  general  benefit  of  others 
having  occasion  to  work  with  the  milliped  fauna  of  the  South  Pacific 
area. 

I.  Eumastigonus  Chamberlin  1920 
Bull.  M.  C.  Z.,  64:  162.  Type  species,  E.  kaorinus  Chamberlin,  by  original 
designation. 

This  genus,  proposed  for  five  new  species  from  New  Zealand,  was 
compared  only  with  Dimerogonus  (Attems,  1903),  from  which  it 
was  said  to  differ  “.  . . in  having  the  first  legs  of  the  male  with 
strongly  developed  claws  and  otherwise  also  similar  to  the  succeeding 
pairs.”  Material  of  the  type  species  E.  kaorinus  could  not  be  located 
at  the  M.C.Z.  in  1971  (possibly  it  was  standing  under  a different 
name,  as  it  was  not  unusual  for  Chamberlin  to  change  his  mind  with- 
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out  changing  the  original  label),  but  the  holotype  of  E.  distinctior 
was  made  available.  Chamberlin’s  account  of  the  gonopods  leaves  no 
doubt  that  distinctior  and  kaorinus  are  congeneric  and  that  the  genus 
may  be  safely  interpreted  on  the  basis  of  a species  other  than  its 
type. 

Examination  of  the  material  of  E.  distinctior  revealed  that  Cham- 
berlin’s verbal  account  of  gonopod  structure  is  fairly  accurate.  It 
also  proved  that  he  mistook  the  second  pair  of  legs  for  the  first,  as 
will  be  evident  from  the  drawing  that  I made  (Fig.  i)  of  the  head 
and  first  segment.  The  first  legs  are  in  fact  slightly  reduced  and 
partly  concealed  by  the  second,  although  this  is  no  excuse  for  failure 
of  the  describer  to  look  closely  (particularly  since  at  that  time  a 
number  of  cambaloids  with  diminutive  first  legs  were  known).  The 
major  stated  distinguishing  character  of  the  genus  is  thus  abolished, 
since  the  first  pair  of  legs  are  really  not  much  different  from  those  of 
Dimerogonus , being  small  with  transversely  prolonged  coxae  and  a 
four-jointed  telopodite  lacking  a tarsal  claw.  Since  the  form  of  the 
first  legs  is  almost  invariably  constant  among  cambaloid  species  hav- 
ing similar  gonopods,  I think  it  is  reasonable  to  assume  that  the 
structure  illustrated  here  is  essentially  the  same  as  obtains  in  E. 
kaorinus , the  type  species. 

The  original  illustrations  of  the  type  species  of  Dimerogonus , D. 
orophilus  Attems  (1903,  pi.  7,  figs.  1-6)  show  that  the  first  legs  of 
the  male  are  unusual  in  having  the  three  basalmost  segments  broadly 
enlarged,  twice  or  three  times  as  wide  as  the  small,  short,  distalmost 
three  podomeres.  This  species  likewise  differs  from  E.  kaorinus  in 
gonopod  structure.  Dimerogonus , despite  the  considerable  number 
of  trans-Pacific  species  subsequently  referred  to  it  by  divers  authors, 
is  unquestionably  to  be  regarded  as  a so-far  monotypic  genus  known 
only  from  the  Blue  Mountains  of  New  South  Wales.  A second 
species,  however,  also  originally  included  in  Attems’  concept  of 
Dimerogonus , does  show  a striking  similarity  to  E.  distinctior.  This 
species,  D.  insulanu $ Attems,  agrees  closely  with  distinctior  in  both 
gonopod  structure  and  form  of  the  first  male  legs;  there  is  no  doubt 
that  the  two  species  are  congeneric  as  a comparison  of  my  drawings 
(Figs.  1-4)  with  Attems  Figures  7-14  of  his  1903  paper  will  show. 

In  1944,  K.  W.  Verhoeff  noted  that  the  great  difference  in  form 
of  the  first  male  legs  was  sufficient  basis  for  separating  Attems’  two 
species  generically,  and  he  proposed  the  name  Insulocambala  for  in- 
fulanus.  Since  insulanus  is  manifestly  congeneric  with  the  type  of 
Eumastigonus , and  since  the  latter  name  has  24  years  priority  over 
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VerhoefFs,  it  is  apparent  that  Insulocambcila  must  be  considered  a 
junior  subjective  synonym  of  Eumastigonus  (new  synonymy!). 

There  is  some  doubt  about  the  provenance  of  E . insulanus.  At- 
tems  stated  only  “Stephens  Island  (Dr.  Schauinsland  coll,  ic?).” 
It  is  known  that  Schauinsland  did  make  collections  along  the  coast 
of  western  North  America,  and  there  is  a Stephens  Island  near  Prince 
Rupert,  British  Columbia,  which  I judge  is  the  implied  type  locality. 
But  in  view  of  the  obvious  congenericity  of  insulanus  with  the  New 
Zealand  species  named  by  Chamberlin,  it  seems  implausible  to  me 
that  the  type  really  originated  in  North  America.  I would  rather 
prefer  to  suspect  some  mixup  in  labeling  either  by  the  collector  or 
by  Attems,  and  that  the  material  really  came  from  North  Island, 
New  Zealand.  An  alternative  possibility  is  that  specimens  of  a New 
Zealand  species  might  have  been  incidentally  introduced  through 
commerce  and  become  established.  It  would  be  a zoogeographic  mile- 
stone if  it  were  ever  proven  that  a Eumastigonus  is  really  endemic 
to  Stephens  Island. 

Eumastigonus  distinction  Chamberlin  1920 
Figures  1-5 

Bull.  M.  C.  Z.,  64:  164.  Holotype,  MCZ  4872,  from  Day’s  Bay  near 
Wellington,  North  Island,  New  Zealand  (W.  M.  Wheeler). 

The  first  pair  of  legs  of  the  male  is  somewhat  reduced  in  size, 
with  the  coxae  prolonged  laterad.  The  podomeres  distad  to  the  pre- 
femur are  nearly  as  wide  as  long,  and  the  tibiotarsus  (Fig.  1,  tt)  is 
apically  rounded,  without  a claw.  The  anterior  gonopods  terminate 
distally  in  four  processes,  one  of  which  represents  the  telopodite  al- 
though I could  not  see  a clear  articulation  with  the  coxa  at  its  base. 
These  processes  are  labeled  a,  b,  and  c,  and  the  apex  of  the  telopodite 
dj  on  the  drawings.  Process  a corresponds  to  what  Chamberlin  called 
the  “distomesal  process”,  b to  his  “membranous  lobe”,  and  c to  his 
“pectinate  lobe”.  From  a caudomesal  aspect  (Fig.  2)  it  is  evident 
that  processes  b and  d form  a sort  of  envelope  in  which  the  posterior 
gonopod  can  be  accommodated.  The  prominent  coxal  flagellum, 
from  which  the  generic  name  was  derived,  is  apically  penicillate.  The 

Figs.  1-5.  Eumastigonus  distinction  Chamberlin,  from  male  holotype. 
Fig.  1.  First  pair  of  legs,  gnathochilarium,  and  part  of  mandible,  right 
side,  aboral  aspect.  Fig.  2.  Gonopods,  oral  aspect  (left  posterior  gonopod 
not  shown).  Fig.  3.  Right  anterior  gonopod,  oblique  caudomesal  aspect. 
Fig.  4.  Right  anterior  and  posterior  gonopods,  lateral  aspect  (tracheocoxal 
muscle  shown,  others  removed  for  clarity).  Fig.  5.  Apical  third  of  right 
posterior  gonopod,  oral  aspect,  showing  apparent  basal  articulation  of  an- 
terior distal  process  (telopodite?). 
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posterior  gonopods  (Fig.  3)  are  attached  to  a small  but  distinct 
sternum  with  unusually  long  tracheal  apodemes;  each  is  likewise 
proximally  produced  into  a coxal  apodeme  (Cxap).  The  gonopod 
has  the  form  of  an  elongate,  flattened  cylinder,  distally  narrowed, 
with  a broadened  setose  lobe  on  the  aboral  side  and  a more  slender 
anterior  process;  when  seen  in  anterior  aspect  this  latter  structure 
appears  to  be  basally  articulated  and  may  represent  the  telopodite 
remnant. 

II.  Euethogonus  Chamberlin  1920 
Bull.  M.  C.  Z.,  64:  166.  Type  species,  E.  hardyi  Chamberlin,  by  original 
designation. 

This  monotypic  genus  was  diagnosed  as  differing  from  Amastigogo- 
nus  (Brolemann,  1913)  in  having  the  first  pair  of  male  legs  “nor- 
mal” in  appearance,  with  a tarsal  claw  and  the  basal  segment  not 
enlarged.  The  “pseudoflagellum”  of  the  anterior  gonopods  was  also 
said  to  be  slender  and  acicular  instead  of  “ribbon-shaped”  as  in 
Amastigogonus. 

Dr.  Levi  sent  the  type  material  of  E.  hardyi  for  my  examination. 
This  revealed  that,  again,  Chamberlin  failed  to  look  carefully  at  the 
specimen,  in  fact  the  head  was  still  reflexed  against  the  anterior  legs 
and  the  latter  could  really  not  be  seen  clearly  until  head  and  collum 
had  been  displaced.  Figure  6 shows  what  the  first  pair  of  legs  looks 
like.  They  are  essentially  similar  to  those  of  Amastigogonus  tasmani- 
anus  as  shown  in  Fig.  32  of  Brolemann’s  1913  paper  on  myriapods 
of  the  Australian  Museum.  The  same  may  be  said  for  the  gonopods 
themselves.  It  is  true  that  the  “pseudoflagellum”  (perhaps  soleno- 
merite  would  be  a better  term  for  the  structure)  is  shorter  than  in 
A.  tasmanianus , but  in  mesal  aspect  (Fig.  8)  it  could  certainly  be 
perceived  as  laminate  and  not  needle-like.  Since  the  type  specimen  of 
E.  hardyi  agrees  so  closely  with  Brolemann’s  account  of  tasmanianus 
in  virtually  every  detail,  I see  no  reason  to  separate  the  two  species 
generically.  Euethogonus  is  herewith  regarded  as  a junior  subjective 
synonym  of  Amastigogonus  which  has  seven  years  priority.  It  is 
quite  incredible  that  Chamberlin  did  not  really  try  to  examine  the 
first  male  legs  of  hardyi , considering  how  closely  it  matched  Brole- 
mann’s species  in  all  other  respects. 

Amastigogonus  hardyi  (Chamberlin),  new  combination 
Figures  6-8 

Euethogonus  hardyi  Chamberlin,  1920,  Bull.  M.  C.  Z.,  64:  166.  Holotype, 
$ , MCZ  4817,  labeled  only  “Tasmania  (G.  H.  Hardy)”. 

Amastigogonus  nichollsii  Verhoeff,  1944,  Zool.  Anz.,  145:  44,  figs.  1-7. 
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Holotype,  $,  Zool.  Samml.  Munchen,  from  “Tasmania  am  Mt.  Nelson.” 
new  synonymy! 

Considering  that  Verhoeff’s  illustrations  of  A . nichollsii  were  drawn 
from  slide  preparations  and  mine  from  unmounted  gonopods,  I think 
it  is  evident  that  the  two  names  cited  above  refer  to  the  same  spe- 
cies. The  similarity  in  the  first  pair  of  legs  extends  down  to  the 
minute  remnant  of  the  tarsal  claw.  There  are  a few  discrepancies 
regarding  the  relationships  of  the  basalmost  podomeres  and  the  ster- 
num, but  again  I suspect  these  are  due  to  different  methods  of  prep- 
aration (and  observation).  Verhoeff’s  Fig.  5 shows  the  sternum  to 
be  greatly  reduced,  with  the  coxae  enlarged  and  broadly  in  contact 
medially.  On  the  uncleared  specimen  of  A.  hardy i (see  Fig.  6 herein) 

I could  see  no  distinction  in  the  basal  sclerite  and  presumed  that  it 
is  a syncoxosternum.  Resolution  of  this  point  awaits  examination  of 
fresh  material. 

On  the  other  hand,  I can  affirm  general  accord  with  Verhoeff’s 
representation  of  the  anterior  gonopods.  In  making  comparisons  of 
these  structures,  it  must  be  remembered  that  Verhoeff’s  Fig.  1 is 
made  from  the  aboral  aspect,  my  Fig.  7 from  the  oral  side. 

From  the  standpoint  of  phylogenetic  significance,  we  may  attach 
considerable  importance  to  the  presence  of  a “pseudoflagellum”  on 
the  telopodite  of  Amastigogonus  and  some  other  related  cambaloids. 
As  noted  by  Verhoeff,  and  likewise  clearly  evident  in  my  figures  7 
and  8,  this  structure  carries  a distinct  groove  which  originates  in  a 
fold  at  the  base  of  the  telopodite.  I see  no  reason  to  doubt  that  it 
is  morphologically  homologous  with  the  seminal  groove  of  some  other 
diplopods,  notably  spirostreptoids,  and  venture  the  opinion  that  the 
gonopod  of  Amastigogonus  represents  a primitive  grade  of  organiza- 
tion on  the  line  leading  to  the  elaborately  modified  pattern  met  with 
in  living  Spirostreptidea.  In  the  cambaloids  of  this  type,  since  the 
groove-bearing  unit  is  relatively  small  and  subsidiary  to  the  bulk  of 
the  telopodite,  the  name  solenomerite  can,  I think,  be  justly  applied 
from  the  standpoints  of  both  function  and  homology. 

III.  Nesocambala  Chamberlin,  1920 
Bull.  M.  C.  Z.,  64:  167.  Type  species,  N.  fijiana  Chamberlin,  by  original 
designation. 

As  embodied  in  the  formation  of  the  name,  Nesocambala  included 
three  new  species  from  the  Fiji  Islands  and  two  from  the  Solomons. 
The  diagnosis  stated  that  these  species  collectively  were  similar  to 
A gastrophus  and  Hypocambala  in  terms  of  labral  teeth,  but  the  re- 
mainder of  the  generic  diagnosis  failed  to  indicate  whether  the  cited 
characters  were  differential  or  not.  Examination  of  the  type  material 
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Figs.  6-8.  Amastigogonus  hardyi  (Chamberlin),  from  male  holotype. 
Fig.  6.  First  pair  of  legs,  their  sternal  complex,  and  ventral  ends  of  2 nd 
pleurotergum,  aboral  aspect.  Fig.  7.  Anterior  gonopods,  oral  aspect.  Fig. 
8.  Right  anterior  gonopod,  mesal  aspect. 
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of  N.  fijiana  shows  that  this  name  is  based  on  the  same  species  as 
that  described  much  earlier  (1897)  by  Silvestri  as  Hypocambctla 
helleri , and  that  in  consequence,  Nesocambala  must  be  regarded  as  a 
junior  subjective  synonym  of  Hypvcambala. 

This  was,  of  course,  not  the  only  time  that  Hypocambala  has  been 
re-named.  Attems  published  the  genus  A gastrophus  in  1900  for  A. 
anguinuSj  a new  species  from  the  Seychelles,  and  Chamberlin  pro- 
posed Trichonannolene  in  1922  for  T.  guiananus  from  British  Gui- 
ana. In  1938,  Attems  set  up  the  name  Ilyspasticus  for  his  new  /. 
gracilis  from  Indochina.  Silvestri  (1935)  showed  the  synonymy  of 
A gastrophus  with  Hypocambala , and  Loomis  & Hoffman  (1948) 
proposed  the  same  disposition  for  Trichonannolene.  Lastly,  Jeekel 
0963)  gave  a good  historical  summary  of  the  entire  situation,  at 
which  time  he  also  brought  Ilyspasticus  into  Hypocambala  and  pre- 
sented a key  to  the  known  members  of  the  genus.  As  he  observed  at 
that  time  “The  genus  Hypocambala  forms  a really  coherent  group, 
and  distinction  between  the  species  is  not  always  easy.”  The  three 
generic  junior  synonyms  were  obviously  based  upon  illusory  charac- 
ters, or  outright  mistakes. 

Nesocambala  fijiana  Chamberlin,  1920 
Bull.  M.  C.  Z.,  64:  168.  Holotype,  $,  MCZ  4827,  from  Nadarivatu,  Fiji 
Islands  (W.  M.  Mann). 

As  the  type  male  of  fijiana  is  clearly  the  same  species  as  that  de- 
scribed as  Hypocambala  helleri  by  Silvestri  in  1897,  Chamberlin’s 
name  thus  becomes  a junior  subjective  specific  synonym  (new  syn- 
onymy!). It  is  difficult  to  believe  that  he  compared  his  material 
with  Silvestri’s  well-illustrated  paper,  of  which,  however,  he  was 
obviously  aware. 

Being  presently  concerned  only  with  the  existing  generic  names  for 
cambaloids,  I have  not  examined  types  of  the  four  other  “species”  of 
Nesocambala,  but  have  very  little  doubt  that  they  are  based  upon, 
for  the  most  part,  already  described  small  cambaloids  introduced  by 
commerce  into  the  southwest  Pacific  area. 

IV.  Summary 

The  nomenclatorial  changes  suggested  in  this  paper  as  a result  of 
the  examination  of  type  material  of  three  carnbaloid  genera  set  up 
by  R.  V.  Chamberlin  in  1920  are  as  follows: 

1.  Eumastigonus  Chamberlin,  1920,  is  valid,  with  Insulocambala 

Verhoeff,  1944,  a junior  synonym. 

2.  Euethogonus  Chamberlin,  1920,  is  a junior  synonym  of  Amas- 

tigogonu$  Brolemann,  1913. 
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3.  Euethogonus  hardyi  Chamberlin,  1920,  is  referable  to  Amasti - 

gogonus  as  a valid  species,  with  Amastigogonus  nichollsii 

Verhoefif,  1944,  regarded  as  a junior  synonym. 

4.  Nesocambala  Chamberlin,  1920,  is  a junior  synonym  of  Hypo- 

cambala  Silvestri,  1897. 

5.  Nesocambala  fijiana  Chamberlin,  1920,  is  considered  a junior 

synonym  of  Hypocambala  helleri  Silvestri,  1897. 
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OBSERVATIONS  ON  THE  BIOLOGY  OF 
ACHAEARANEA  TESSELATA 
(ARANEAE:  THERIDIIDAE) 1 

By  William  G.  Eberhard 
Depto.  de  Biologia, 

Universidad  del  Valle 
Cali,  Colombia 

Achaearanea  tesselata  is  relatively  common  in  trees  and  bushes  in 
urban  Cali,  Colombia  (el.  1000  m)  and  the  surrounding  country- 
side of  the  same  elevation  which  Espinal  (1968)  classifies  as  a dry 
tropical  forest  zone  (annual  rainfall  about  900  mm).  As  it  appears 
that  nothing  is  known  of  the  biology  of  this  species  (Levi,  pers. 
comm.),  it  seems  worthwhile  to  publish  brief  descriptions  of  some  of 
its  more  outstanding  characteristics. 

Webs 

The  webs  were  usually  isolated,  although  occasionally  several  oc- 
curred in  a single  bush.  Each  web  consisted  of  a horizontal,  more 
or  less  circular  platform,  with  thick  mesh  above  and  thin  mesh 
below  (Fig.  ia).  A piece  of  leaf  or  other  detritus  was  nearly  al- 
ways suspended  in  approximately  the  middle  of  the  mesh  above  the 
sheet,  and  the  spider  rested  within  or  just  below  this  object.  Usually 
the  shelter  was  a curled  leaf,  and  spider  rested  inside,  out  of  sight 
from  above  or  the  side.  No  consistent  differences  were  noted  be- 
tween webs  of  small  and  large  spiders. 

When  the  web  threads  were  coated  with  fine  powder  (corn- 
starch) and  then  blown  and  jolted,  all  the  powder  came  off,  thus 
demonstrating  that  none  of  the  web  threads  were  sticky.  Although 
the  platform  portion  of  the  web  did  not  have  an  obviously  regular 
structure,  there  appeared  to  be  some  limits  to  the  diameters  of  the 
holes  beween  threads  (Fig.  ib). 

The  spiders  were  capable  of  building  a more  or  less  complete  web 
in  a single  night,  but  were  occasionally  found  on  incomplete  webs. 
One  morning  after  a very  strong  rain  in  the  night  which  almost  cer- 
tainly destroyed  all  webs,  several  spiders  were  found  on  webs  with 
both  mesh  and  platform  of  clean,  apparently  new  threads,  but  one 
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Universitario  para  la  Investigacion  of  the  Universidad  del  Valle. 
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Fig.  1.  a)  Web  of  adult  female  Achaearanea  tesselata.  Arrow  indicates 
position  of  spider;  there  is  no  leaf  or  other  detritus  included  in  the  retreat 
of  this  web.  Web  platform  is  about  15  cm  across. 

b)  Closeup  of  threads  in  right  edge  of  platform  of  the  web  in  a. 
Spaces  between  threads  are  larger  near  the  edge  of  the  platform. 

web  had  only  a mesh.  One  spider  kept  in  captivity  built  a loose 
mesh  on  the  first  night  (during  which  it  was  apparently  disturbed  by 
an  observation  light),  added  a platform  and  more  mesh  on  the 
second  night  (undisturbed),  and  extended  the  platform  on  the  third. 

One  individual  deserted  one  site  in  the  laboratory  and  built  in 
another.  It  left  the  first  web  intact,  indicating  that  these  spiders 
may  be  unable  to  re-utilize  silk  used  in  previous  webs  as  many  a.ra- 
neids  do  (see  Breed  et  al  1964  for  example).  Turnbull  found  that 
Achaearanea  tepidariorum  also  left  deserted  webs  more  or  less  in- 
tact (pers.  comm.). 

Attacks  on  prey 

Achaearajiea  tesselata  rested  in  its  retreat  in  the  mesh  above  the 
platform  both  day  and  night.  A spider’s  first  response  to  prey  in 
the  web  was  almost  always  to  drop  from  this  position  to  the  under- 
side of  the  platform.  That  is,  it  fell  through  the  platform,  but  held 
onto  it  after  falling  through.  These  events  happened  too  quickly  for 
me  to  observe  how  the  spider  managed  to  catch  the  platform  as  it 
fell  through.  There  was  no  obvious  hole  in  the  platform  below  the 
shelter  either  before  or  after  a fall,  and  spiders  could  be  induced 
to  fall  through  and  catch  the  platform  at  other  points  as  well. 

When  the  prey  was  on  the  platform,  the  spider  usually  rushed 


1972] 


Eberhard  — A chaearanea  tesselata 


211 


directly  to  it  and  began  wrapping  it,  or  bit  it  immediately  if  it  was 
small.  After  wrapping  a larger  prey,  the  spider  bit  it,  cut  a hole 
in  the  platform  around  it,  climbed  into  the  mesh  above,  and  carried 
it  dangling  from  a line  held  by  one  leg  IV  to  the  retreat  where  it 
often  wrapped  it  further  before  beginning  to  feed.  If  the  prey  was 
detained  in  the  mesh  above  the  platform,  the  spider  shook  the  web 
until  it  fell,  or  climbed  through  the  platform  and  attacked  it  in  the 
mesh  above.  Holes  cut  in  the  platform  to  extract  prey  were  filled 
the  next  night  so  as  to  be  nearly  indistinguishable  from  the  sur- 
rounding platform. 

It  was  not  uncommon  to  find  immatures  in  the  webs  of  adult 
females,  and  these  were  seen  clustered  around  and  apparently  feed- 
ing on  prey  caught  in  these  webs.  This  type  of  behavior  is  appar- 
ently common  in  theridiids  (Kullmann  1969,  Shear  1970). 

Discussion 

The  web  of  A.  tesselata  is  very  distinct  from  that  of  the  common 
house  spider  A.  tepidariorum , but  is  apparently  similar  to  those  of 
an  A chaearanea  sp.  from  Afganistan  (Kullmann  1970)  and  A.  dis- 
parata  (Darchen  1968  in  Kullmann  1970).  Kullmann’s  drawing 
of  the  web  of  the  A chaearanea  sp.  from  Afganistan  differs  from  A. 
tesselata  webs  in  having  sticky  threads  radiating  from  the  spider’s 
retreat  and  ending  just  above  the  platform,  but  such  lines  are  not 
distinguishable  in  his  photograph,  nor  are  they  mentioned  in  his 
discussion.  The  A.  tepidariorum  web  is  a mesh  with  no  well-defined 
platform,  has  drops  of  sticky  fluid  on  lines  attached  to  the  ground, 
and  has  no  well-defined  retreat,  the  spider  sitting  near  or  at  the  edge 
of  the  web  during  the  day  (McCook  1889,  Kaston  1948,  pers.  obs.). 
The  A.  tepidariorum  web  seems  designed  to  capture  mainly  walking 
prey,  while  the  A.  tesselata  type  web  seems  designed  exclusively  for 
flying  prey. 

The  “platform  with  mesh  above  and  below”  design  of  A . tesse- 
lata s web  is  the  basic  plan  of  the  webs  of  several  distantly  related  spi- 
ders including  Diguetia  (Diguetidae)  (Cazier  and  Mortenson  1962), 
Cyrtophora  (Araneidae)  (McCook  1889),  and  several  genera  of 
linyphiids  (see  Nielson  1928,  and  Kaston  1948  for  example).  Greater 
thickness  of  the  upper  mesh  and  the  particular  form  of  the  platform,  a 
gently  sloping  dish  with  downward  projecting  “pimples”,  are  common 
in  these  genera,  occurring  in  the  webs  of  Cyrtophora  (Kullmann  1958), 
Diguetia  (Eberhard  1967,  although  neither  the  slope  nor  the  pimples 
are  especially  clear  in  the  photograph),  and  the  linyphiid  Frontinella 
(Kaston  1948),  as  well  as  in  webs  of  A . tesselata.  However  Cyrto - 
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phora  and  at  least  some  of  the  linyphiids  place  sticky  silk  in  their 
webs  — Cyrtophora  in  the  mesh  just  above  the  platform  (Kull- 
mann  1958),  and  the  linyphiids  in  the  sheet  and  the  mesh  above 
(Kullmann  1964*  pers.  obs.).  Diguetia  albolineata  and  D.  canities 
webs  are  similar  to  A.  tesselata  webs  in  lacking  sticky  silk  (pers. 
obs.).  Achaearanea  tesselata  is  unique  in  resting  above  the  platform 
and  dropping  through  it  to  attack  prey,  as  all  the  others  rest  on 
surfaces  connected  to  the  lower  surface  of  the  platform. 
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A NEW  SPECIES  OF  QUERBETIA 
(DIPTERA:  TABANIDAE)  FROM  PERU1 


By  G.  B.  Fairchild 

Department  of  Entomology  and  Nematology 
University  of  Florida,  Gainesville,  Florida  32601 

While  examining  some  tabanids  in  the  Canadian  National  Collec- 
tion at  Ottawa,  I came  upon  a representative  of  a second  species  of 
the  genus  Querbertia  Fairchild,  previously  known  by  only  the  type- 
species,  bequaerti  (Fairchild,  1964).  This  new  species,  also  from 
Peru,  is  as  follows: 

Querbetia  inopinatus  n.sp. 

(Fig.  1) 

Female.  Length  13.5  mm.,  of  wing  10.5  mm.  Resembles  Q.  be- 
quaerti closely  in  structure,  but  differs  in  the  following  respects. 
Frons  slightly  wider  than  in  bequaerti , the  bare  areas  dark  brown, 
the  pollinose  areas  golden  yellow  rather  than  black  and  grey.  Sub- 
callus and  basal  antennal  segments  as  in  bequaerti,  but  dark  brown, 
die  sutures  and  inner  bases  of  scapes  yellowish.  Third  antennal  seg* 
ment  as  figured,  as  long  as  frons  and  first  two  segments  of  antennae, 
or  about  equal  to  mid  tibia,  the  basal  plate  yellowish  brown,  the  style 
black,  subshiny.  Frontoclypeus  and  genae  as  in  bequaerti,  but  the  bare 
areas  yellowish  to  brown,  the  pollinose  areas  yellow.  Palpi  yellowish 
brown,  shiny,  pale-haired,  more  slender  than  in  bequaerti.  Proboscis 
brown,  the  sclerotized  strip  on  labella  narrower  than  in  bequaerti . 

Mesonotum  subshiny,  blackish  brown,  with  a pair  of  dorsolateral 
golden-haired  stripes,  and  sides  including  notopleural  lobes  golden- 
haired. Scutellum  dark  brown  in  ground  color,  but  densely  golden 
pollinose  and  golden-haired.  Pleura  blackish,  but  with  pronotal  lobes 
and  mesopleura  extensively  dull  yellowish  pollinose.  Coxae  blackish 
brown,  femora  dark  yellow,  tibiae  light  yellow,  the  basal  halves  or 
less  white  and  white-haired,  tarsi  yellow,  all  clothed  with  yellow 
hairs  except  bases  of  tibiae.  Wings  with  venation  as  in  bequaerti,  but 
the  whole  wing  yellowish,  more  intense  in  costal  cell  and  anterior 
half. 

Abdomen  slender,  rather  long,  subshiny,  dark  brown.  First  seg- 
ment almost  divided  by  a broad  posterior  median  sulcus,  dark-haired 
except  for  a narrow  fringe  of  dark  yellow  hairs.  Second  segment 

Florida  Agricultural  Experiment  Stations  Journal  Series  No.  4501. 

Manuscript  received  by  the  editor  August  1,  1972 


213 


214 


Psyche 


[September 


largely  black-haired,  with  a broader  posterior  fringe  of  pale  yellow 
hairs.  Third  and  fourth  segments  with  still  broader  pale-haired  mar- 
gins, while  segments  5 to  7 are  wholly  dark-haired.  Beneath  the 
abdomen  is  subshiny,  brown,  mainly  dark-haired,  but  with  sparse  pale 
hair  fringes  on  first  2 visible  segments. 

Holotype  $,  Avispas,  Madre  de  Dios,  Peru,  20-30  Sept.  1962,  L. 
E.  Pena  coll.  In  Canadian  National  Collection,  Ottawa. 

The  close  structural  resemblance  of  this  species  to  Q.  bequcierti 
(Fairchild  1964)  indicates  that  the  antennae  of  the  latter  were  prob- 
ably also  similar.  The  color  differences  are  considerable,  however, 
and  though  it  is  possible  that  the  present  species  is  no  more  than  a 
subspecies  of  bequaerti , much  more  material  would  be  necessary  to 
settle  the  matter.  This  specimen  does  not  appear  teneral. 

The  structure  of  the  third  antennal  segment  indicates  that  the 
genus  is  closest  to  Acanthocera,  though  considerably  more  specialized 
in  its  head  characters.  It  is  obviously  a mimic  of  some  hymenopteran, 
and  quite  possibly  arboreal  in  habits.  The  superficial  resemblance  to 
the  recently  described  Amazonian  Rhinomyzine  Betrequia  Oldroyd 
(Oldroyd  1970)  is  remarkable,  but  Querbetia  lacks  ocelli  and  hind 
tibia.1  spurs,  and  has  bare  eyes  and  normal  wing  venation. 
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THE  SPIDER  GENUS  TRACHELAS 
(ARANEAE,  CLUBIONIDAE) 

IN  THE  WEST  INDIES 

By  Arthur  M.  Chickering 
Museum  of  Comparative  Zoology 

As  I have  frequently  done  in  the  past,  I am  again  expressing  my 
deep  appreciation  for  the  continued  help  and  encouragement  in  the 
pursuit  of  my  studies  extended  to  me  by  the  staff  of  the  Museum  of 
Comparative  Zoology,  Harvard  University.  The  National  Science 
Foundation  has  aided  me  very  materially  by  awarding  me  Grants 
GB-1801  and  GB-5013.  Other  foundations,  not  specifically  mentioned 
here,  have  also  aided  me  in  my  studies  and  collecting  trips  in  Central 
America  and  the  West  Indies.  Dr.  J.  G.  Sheals  and  Mr.  D.  J. 
Clark,  British  Museum  (Natural  History),  have  kindly  loaned  me 
males  and  females  of  Trachelas  fem oralis  Simon  from  St.  Vincent, 
B.  W.  I. 


The  Genus  Trachelas  L.  Koch,  1866 

This  genus  is  known  to  be  widely  distributed  in  many  regions  of 
the  world.  Many  species  have  been  described  from  Central  and 
South  America.  I have  found  it  quite  abundant  in  Panama  where 
I seem  to  have  collected  several  new  species  which  are  awaiting 
attention.  As  far  as  I have  been  able  to  determine,  four  species  have 
been  known  from  the  West  Indies.  These  may  be  listed  as  follows: 
Trachelas  bicolor  Keyserling,  now  known  from  Haiti  and  Cuba; 
T.  borinquensis  Gertsch,  known  only  from  Puerto  Rico,  W.  I. ; 
T.  femoralis  Simon,  known  only  from  St.  Vincent,  B.  W.  I.;  T. 
jamaicensis  Gertsch,  known  only  from  Jamaica,  W.  I. 

While  preparing  specimens  belonging  to  this  genus,  collected  in 
the  West  Indies  in  recent  years?  for  deposit  in  the  collections  of  the 
Museum  of  Comparative  Zoology  I have  found  several  which,  ap- 
parently, must  be  regarded  as  new  to  science.  These  may  be  listed 
as  follows:  T.  bravidus  sp.  nov. ; T.  cadulus  sp.  nov. ; T.  domandus 
sp.  nov.;  T.  ecudobus  sp.  nov.;  T.  jnulcetus  sp.  nov.  These  are 
described  in  the  following  pages  of  this  paper  and  all  will  be  deposited 
in  the  Museum  of  Comparative  Zoology.  Shortly  before  her  death 
Miss  Elizabeth  Bryant  had,  apparently,  selected  a male  from  Jamaica, 
W.  I.  to  be  the  holotype  of  a new  species  but  only  fragments  are 
now  in  the  vial.  I have  a female  from  Jamaica,  W.  I.,  St.  Catherine 
Parish,  Inswood  Estate,  Nov.  10,  1963  which  may  belong  with  one 


215 


2 I 6 


Psyche 


[September 


of  the  described  males  listed  above.  Its  epigynum  is  very  obscure  and 
some  other  features  seem  to  leave  its  status  as  very  uncertain;  for 
these  reasons  it  is  not  included  in  this  study.  Another  female  from 
St.  Augustine,  Trinidad,  W.  I.,  April,  1964  is  omitted  from  this 
study  for  about  the  same  reasons. 

Trachelas  bicolor  Keyserling 

Trachelas  bicolor  Keyserling,  1887:  440,  fig.  15.  The  female  holotype  from 
Haiti,  W.  I.  is  in  the  Museum  of  Comparative  Zoology,  examined. 
Banks,  1903:  340;  1909:  158  ; Petrunkevitch,  1911:  522;  (not  T.  bicolor 
Pet,  1930)  ; Lutz,  1915:  100;  Bryant  1933:  192;  1940,  443,  figs.  224,  233, 
235  ; 1948:  439;  Roewer,  1954:  587;  Bonnet,  1959:  4666. 

In  1940  Miss  Bryant  described  the  male  of  this  species  from  Cuba. 
In  1948  she  reported  a male  and  an  immature  specimen  from  the 
Dominican  Republic. 

Trachelas  borinquensis  Gertsch 

Trachelas  borinquensis  Gertsch,  1942:  9.  The  female  holotype  is  from 
Aibonito,  Puerto  Rico,  June  1,  1915  and  is  in  the  American  Museum 
of  Natural  History,  New  York  City. 

Trachelas  bicolor  Petrunkevitch, — 1930:  108,  fig.  90. 

Apparently,  Dr.  Gertsch  regarded  this  species  as  somewhat  closely 
related  to  T.  bicolor  Keyserling.  I have  one  female  of  this  species 
from  Puerto  Rico,  Maricao,  Monte  El  Estado,  January  9,  1964. 

Trachelas  bravidus  sp.  nov. 

Figures  1-4 

Holotype . The  male  holotype  is  from  Jamaica,  W.  I.,  Portland 
Parish,  Hardwar  Gap,  November  20,  1957.  The  name  of  the  species 
is  an  arbitrary  combination  of  letters. 

Description.  Total  length,  including  extended  chelicerae,  3.96 
mm;  total  length,  excluding  extended  chelicerae,  3.3  mm.  Carapace 
nearly  1.48  mm  long;  1.23  mm  wide  opposite  interval  between  second 
and  third  coxae  where  it  is  widest;  nearly  0.75  mm  tall  in  cephalic 
region  where  it  is  tallest;  otherwise  essentially  typical  of  males  of 
the  genus.  Eyes:  eight  in  two  rows  as  usual  in  the  genus;  viewed 
from  above,  anterior  row  gently  procurved  and  posterior  row  mode- 
rately recurved  and  occupies  nearly  the  entire  width  of  carapace  at 
that  level  and  is  wider  than  anterior  row  in  ratio  of  nearly  3 : 2. 
Ratio  of  eyes  AME  : ALE  : PME  : PLE  = nearly  10  : 11.5  : 
9.5  : 11.  AME  separated  from  one  another  by  nearly  three-fifths  of 
their  diameter  and  separated  from  ALE  by  nearly  four-fifths  of  their 
diameter.  PME  separated  from  one  another  by  nearly  1.5  times 
their  diameter  and  separated  from  PLE  by  slightly  more  than  twice 
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Figures  1-4.  Trachelas  bravidus  sp.  nov.  Fig.  1.  Distal  half  of  left 
maxilla  of  holotype  from  below.  Fig.  2.  Anterior  border  of  sternum  of 
holotype  from  below.  Fig.  3.  Left  palp  of  holotype;  prolateral  view.  Fig.  4. 
Left  palpal  tarsus  of  holotype;  ventral  view.  Figures  5-8.  Trachelas 
cadulus  sp.  nov.  Fig.  5.  Distal  half  of  left  maxilla  from  below.  Fig.  6. 
Anterior  border  of  sternum  of  holotype  from  below.  Fig.  7.  Left  palp  of 
holotype;  prolateral  view.  Fig.  8.  Left  palpal  tarsus  of  holotype;  ventral 
view. 
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their  diameter.  Lateral  eyes  separated  from  one  another  by  nearly 
1.5  times  the  diameter  of  ALE.  Central  ocular  quadrangle  wider 
behind  than  in  front  in  ratio  of  nearly  17  : 12;  only  slightly  longer 
than  wide  in  front.  Height  of  clypeus  nearly  equal  to  seven-tenths 
of  the  diameter  of  AME.  Chelicerae:  robust;  geniculate  near  base; 
surface  distinctly  granulose;  somewhat  concave  along  medial  surfaces; 
keeled  along  most  of  the  medial  margins;  lateral  margins  gently 
curved ; fang  regularly  curved ; fang  groove  with  three  teeth  along 
promargin,  outer  one  small  and  probably  with  only  two  along  retro- 
margin;  with  a moderately  well  developed  basal  boss  and  a well 
developed  scopula  along  promargin  of  fang  groove.  Maxillae:  quite 
typical  of  males  of  the  genus  in  general;  distal,  lateral  corner  well 
rounded  and  without  any  extension  such  as  occurs  in  T.  ecudobus 
sp.  nov.  (Fig.  1).  Lip:  nearly  three-fifths  as  long  as  maxillae;  only 
slightly  longer  than  wide;  with  basal  marginal  indentations  moder- 
ately well  developed.  Sternum:  moderately  convex;  longer  than 
wide  in  ratio  of  nearly  4 : 3 opposite  interval  between  second  and 
third  coxae  where  a narrow  extension  passes  outward  for  a short 
distance  between  second  and  third  coxae;  bluntly  just  opposite  bases 
of  fourth  coxae  which  are  separated  by  slightly  more  than  half  their 
width ; only  moderately  rebordered ; surface  finely  granulose ; anterior 
border  gently  trilobed  (Fig.  2).  Legs:  1243  in  order  of  length;  first 
leg  most  robust;  spines  appear  to  be  lacking;  third  metatarsus  with 
a fairly  well  developed  brush ; with  few  small  cusps  on  first  tibiae, 
metatarsi  and  tarsi  and  still  fewer  on  these  segments  in  second  legs. 
Palp:  typical  of  males  of  the  genus  in  general;  most  distinctive  fea- 
tures are  in  the  bulb  and  its  embolus;  Figures  3 and  4 show  the 
essential  features;  the  tibial  apophysis  is  very  short  and  inconspicu- 
ous. Abdomen:  quite  typical  of  males  of  the  genus  in  general;  a 
small,  faintly  visible,  dorsal  scutum  is  present.  Color  in  alcohol: 
carapace  and  chelicerae  a rich,  reddish  brown  essentially  typical  of 
the  genus ; sternum  a light  brownish ; first  femur  nearly  like  sternum ; 
other  legs  yellowish  with  some  variation;  abdomen  light  yellowish, 
nearly  white  with  the  dorsal  scutum  weakly  chitinized;  the  four 
muscle  impressions  barely  visible. 

Diagnosis.  This  species  seems  to  be  closely  related  to  T.  bicolor 
Keys,  but  the  features  of  the  palp  establish  it  as  a new  species. 

Record.  The  female  is  unknown  and  there  are  no  male  paratypes. 

Trachelas  cadulus  sp.  nov. 

Figures  5-8 

Holotype.  The  male  holotype  is  from  Jamaica,  W.  I.,  St.  Andrew 
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Parish,  Stony  Hill,  October  24,  1957.  The  name  of  the  species  is 
an  arbitrary  combination  of  letters. 

Description.  Total  length,  including  the  moderately  extended 
chelicerae  and  spinnerets,  6.17  mm;  excluding  the  chelicerae  and 
spinnerets,  total  length  is  5.65  mm.  Carapace  is  2.66  mm  long; 

2.04  mm  wide  opposite  second  coxae  where  it  is  widest;  nearly  1.17 

mm  tall  opposite  second  coxae  where  it  is  tallest;  gradually  raised 
from  posterior  border  to  tallest  region;  not  as  abruptly  raised  as  in 
T.  bravidus  sp.  nov. ; with  a well  defined,  rather  short,  median 
thoracic  groove;  otherwise  typical  of  males  of  the  genus.  Eyes: 
eight  in  two  rows  as  usual  in  the  genus.  Anterior  row  gently  pro- 
curved  and  posterior  row  moderately  recurved,  viewed  from  above; 
posterior  row  occupies  nearly  the  entire  width  of  carapace  at  that 
level  and  is  wider  than  anterior  row  in  ratio  of  nearly  13  : 10. 

Ratio  of  eyes  AME  : ALE  : PME  : PLE  = nearly  7 : 7 : 6.5  : 

6.5  (where  eyes  are  oval  to  any  degree  the  long  axis  is  always  used 

in  measurements).  AME  separated  from  one  another  by  slightly 
more  than  their  radius  and  separated  from  ALE  by  a little  more 

than  their  diameter.  PME  separated  from  one  another  by  nearly 

twice  their  diameter  and  separated  from  PLE  by  nearly  three  times 
their  diameter.  Lateral  eyes  separated  from  one  another  by  nearly 
twice  the  diameter  of  AME.  Clypeus  deeply  grooved  near  ventral 
margin;  with  height  nearly  equal  to  six-sevenths  of  the  diameter  of 
AME.  Central  ocular  quadrangle  wider  behind  than  in  front  in 
ratio  of  nearly  13  : 9;  wider  behind  than  long  in  ratio  of  nearly 
26  : 17.  Chelicerae:  robust;  geniculate  near  base;  granulose;  some- 
what concave  along  median  surfaces ; gently  keeled  along  most  of  the 
medial  margins;  lateral  margins  gently  curved  distally  from  base  of 
moderately  developed  basal  bosses ; fang  regularly  curved ; promargin 
of  fang  groove  with  three  teeth  and  retromargin  with  two  teeth; 
with  well  developed  scopula  along  promargin  of  fang  groove.  Maxil- 
lae : quite  typical  of  males  of  the  genus  in  general ; with  outer 
distal  corners  well  rounded  without  a sharp  extension  such  as  is  seen 
in  T.  ecudobus  sp.  nov.  from  Trinidad,  W.  I.;  with  a well  developed 
distal  medial  scopula.  Lip:  also  quite  typical  of  the  genus;  longer 
than  wide  in  ratio  of  nearly  6:5;  nearly  two-thirds  as  long  as 
maxillae.  Sternum:  moderately  convex;  typically  rebordered;  longer 
than  wide  in  ratio  of  nearly  4:3;  with  conspicuous  extensions  between 
first  and  second  and  second  and  third  coxae;  posterior  end  bluntly 
rounded  opposite  bases  of  fourth  coxae  which  are  separated  by  nearly 
one-third  of  their  width ; surface  finely  pitted  with  a short,  stiff  hair 
arising  from  each  pit;  anterior  border  trilobed  as  shown  in  Figure  6. 
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Legs:  1243  in  order  of  length;  first  leg  most  robust;  no  spines  ob- 
served; cusps  fairly  numerous  on  first  tibiae,  metatarsi  but  only  a 
few  on  first  tarsi;  also  only  few  cusps  on  second  tibiae,  metatarsi  and 
tarsi.  Palp:  essential  features  shown  in  Figures  7-8;  apparently,  the 
tibial  apophysis  is  reduced  to  a short,  blunt  protuberance.  Abdomen: 
in  general  typical  of  males  in  the  genus;  with  a weakly  chitinized 
dorsal  scutum  covering  only  the  central  part  of  the  dorsum  and  with 
borders  indistinct;  the  region  anterior  to  the  genital  groove  also 
weakly  chitinized.  Color  in  alcohol:  closely  similar  to  that  of 

T . bravidus  sp.  nov. 

Diagnosis.  For  some  time  this  species  was  regarded  as  a variant 
of  T.  bravidus  sp.  nov.  but  close  comparison  has  convinced  me  that 
it  must  be  regarded  as  a new  species.  The  relationships  of  the  eyes; 
the  body  size;  features  of  the  palp  and  several  other  somewhat 
obscure  differences  definitely  seem  to  establish  it  as  a separate  species. 

Records.  One  male  paratype  was  taken  with  the  holotype  but  the 
female  remains  unknown. 

Trachelas  domandus  sp.  nov. 

Figures  9-13 

Holotype.  The  male  holotype  is  from  Jamaica,  W.  L,  Portland 
Parish,  Hardwar  Gap,  Nov.  20,  1957.  The  name  of  the  species  is 
an  arbitrary  combination  of  letters. 

Description.  Total  length,  measured  laterally  because  of  curled 
body,  6.7  mm;  total  length,  measured  dorsally  as  usual  and  including 
somewhat  extended  chelicerae,  6.5  mm.  Carapace  nearly  3.58  mm 
long  (somewhat  overlapped  by  abdomen)  ; 2.55  mm  wide  opposite 
second  coxae  where  it  is  widest;  about  1.67  mm  tall  in  cephalic 
region  where  it  is  tallest;  with  a well  defined,  short,  median  thoracic 
groove;  otherwise  essentially  typical  of  males  of  the  genus.  Eyes: 
eight  in  two  rows  as  usual  in  the  genus.  Viewed  from  above,  anterior 
row  gently  procurved  and  posterior  row  moderately  recurved  and 
occupies  nearly  seven-eighths  of  width  of  carapace  at  that  level  and 
is  wider  than  anterior  row  in  ratio  of  nearly  6 : 5.  Ratio  of  eyes 
AME  : ALE  : PME  : PLE  = 9 : 10  : 8 : 9.  AME  separated 
from  one  another  by  slightly  more  than  their  radius  and  separated 
from  ALE  by  a little  more  than  their  diameter.  PME  separated 
from  one  another  by  nearly  twice  their  diameter  and  separated  from 
PLE  by  a little  less  than  2.5  times  their  diameter.  Lateral  eyes 
separated  from  one  another  by  nearly  1.4  times  the  diameter  of 
AME.  Central  ocular  quadrangle  wider  behind  than  in  front  in 
ratio  of  nearly  3:2;  wider  behind  than  long  in  ratio  of  nearly  5 : 4. 
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Figures  9-13.  Trachelas  domandus  sp.  nov.  Fig.  9.  Distal  half  of  left 
maxilla  from  below.  Fig.  10.  Anterior  border  of  sternum  from  below. 
Fig.  11.  Left  palp  of  holotype;  prolateral  view.  Fig.  12.  Left  palpal  tarsus; 
prolateral  view;  more  enlarged.  Fig.  13.  Distal  end  of  left  palpal  tarsus; 
ventral  view.  Figs.  14-19.  Trachelas  ecudohus  sp.  nov.  Fig.  14.  Left 
maxilla  of  a para  type  male;  from  below.  Fig.  15.  Anterior  border  of 
sternum  of  holotype  from  below.  Fig.  16.  Left  palpal  tibia  and  tarsus  of 
holotype;  nearly  ventral  view.  Fig.  17.  Distal  end  of  left  palpal  tarsal 
bulb  removed  from  cymbium  of  a paratype  male.  Fig.  18.  Left  palpal  tibia 
of  holotype  to  show  apophysis.  Fig.  19.  Epigynum  of  described  female 
paratype  from  below. 
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Height  of  clypeus  nearly  equal  to  diameter  of  AME.  Chelicerae: 
robust;  not  definitely  geniculate  near  base  as  in  some  other  species 
from  this  region  such  as  T.  bravidus  sp.  nov. ; slightly  divergent; 
granulose  as  usual ; lateral  margins  nearly  straight ; medial  margins 
without  keel  and  concavity  hardly  indicated;  fang  regularly  curved; 
fang  groove  with  three  teeeth  along  promargin  and  two  along  retro- 
margin  ; with  a fairly  well  developed  basal  boss.  Maxillae  and  Lip : 
essentially  as  described  for  T.  bravidus  sp.  nov.  and  T.  cadulus  sp. 
nov.  with  minor  differences  (Fig.  9).  Sternum:  moderately  convex; 
with  fairly  typical  margins  and  lateral  extensions;  longer  than  wide 
in  ratio  of  nearly  39  : 30;  widest  between  second  coxae;  terminates 
in  a rounded  point  between  bases  of  fourth  coxae  which  are  separated 
by  nearly  one-third  of  their  width ; anterior  border  trilobed  as  shown 
in  Figure  10.  Legs:  1243  in  order  of  length;  no  true  spines  observed; 
numerous  but  not  conspicuous  cusps  occur  on  tibiae,  metatarsi  and 
tarsi  of  legs  one  and  two.  Palp:  essential  features  shown  in  Figures 
1 1- 1 3 ; with  few  slender  spines;  parts  obscurely  distinctive;  tibial 
apophysis  very  short  and  barely  distinguishable.  Abdomen : in  general 
typical  of  males  of  the  genus;  with  a faintly  outlined  dorsal  scutum 
covering  the  major  part  of  the  dorsum;  the  epigastric  region  anterior 
to  the  genital  groove  faintly  chitinized.  Color  in  alcohol : typical  of 
males  of  the  genus;  details  regarded  as  unnecessary  for  description. 

Diagnosis.  This  is  another  species  which  seems  to  be  closely  related 
to  T.  bicolor  Keys.  The  palpal  features,  the  relationships  of  the 
eyes,  specific  shape  of  the  maxillae  and  a few  other  specific  features 
establish  it  as  a new  species. 

Record.  The  female  is  unknown  and  there  are  no  male  paratypes. 

Trachelas  ecudobus  sp.  nov. 

Figures  14-19 

Holotype.  The  male  holotype  is  from  Trinidad,  W.  I.,  St.  Au- 
gustine, April  5,  1964.  The  name  of  the  species  is  an  arbitrary 
combination  of  letters. 

Description.  Total  length,  including  somewhat  extended  cheli- 
cerae, 4.18  mm;  excluding  the  chelicerae,  total  length  is  4 mm. 
Carapace  2 mm  long;  1.34  mm  wide  opposite  second  coxae  where 
it  is  widest ; nearly  0.66  mm  tall  in  cephalic  region  where  it  is  tallest  ; 
gradually  raised  from  posterior  border  to  highest  part  a short  distance 
behind  PME;  otherwise  essentially  typical  of  males  of  the  genus. 
Eyes:  eight  in  two  rows  as  usual  in  the  genus.  Viewed  from  above, 
anterior  row  gently  procurved,  posterior  row  moderately  recurved. 
Posterior  row  occupies  nearly  nine-tenths  of  width  of  carapace  at 
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that  level,  and  is  wider  than  anterior  row  in  ratio  of  nearly  19  : 15. 
Ratio  of  eyes  AME  : ALE  : PME  : PLE  = nearly  11  : 12  : 
11  : 10.  AME  separated  from  one  another  and  from  ALE  by 
nearly  their  radius.  PME  separated  from  one  another  by  nearly 
their  diameter  and  from  PLE  by  slightly  more  than  1.5  times  their 
diameter.  Laterals  separated  from  one  another  by  nearly  1.5  times 
the  diameter  of  PLE.  Central  ocular  quadrangle  wider  behind  than 
in  front  in  ratio  of  nearly  33  : 25 ; wider  behind  than  long  in  ratio 
of  nearly  11  : 10.  Height  of  clypeus  nearly  equal  to  1.2  times  the 
diameter  of  AME.  Chelicerae:  robust;  somewhat  porrect;  parallel; 
somewhat  keeled  along  medial  surfaces;  only  moderately  geniculate 
near  bases;  fang  regularly  curved;  fang  groove  with  three  teeth 
along  each  margin.  Maxillae:  slightly  convergent;  lateral  distal 
corners  extended  to  a definite  pointed  termination  (Fig.  14,  from  a 
paratype)  ; otherwise  essentially  typical  of  males  of  the  genus.  Lip: 
nearly  three-fifths  as  long  as  maxillae;  essentially  typical  of  males  of 
the  genus.  Sternum : moderately  convex ; longer  than  wide  in  ratio 
of  nearly  23  : 16;  widest  between  second  coxae;  the  rounded  posterior 
end  reaches  just  to  bases  of  fourth  coxae  which  are  separated  by 
nearly  one-half  their  width;  surface  granulose;  lateral  extensions 
between  coxae  essentially  as  usual  in  the  genus;  anterior  border  only 
bilobed  (Fig.  15)  ; lateral  margins  moderately  developed.  Legs: 
12—43  in  order  of  length;  no  true  spines  observed;  trichobothria 
quite  conspicuous  on  tarsi,  especially  the  fourth;  first  tibia  with  a 
row  of  about  eight  ventral  cusps  and  first  metatarsus  with  a ventral 
row  of  four  or  five  cusps ; second  tibia  and  metatarsus  with  somewhat 
fewer  ventral  cusps  (observed  on  a paratype).  Palp:  there  is  a well 
developed  retrolateral,  distal,  tibial  apophysis  (Fig.  18);  other 
essential  features  shown  in  Figures  16-17;  when  the  bulb  is  removed 
from  the  cymbium  the  embolus  is  seen  to  be  accompanied  by  a trans- 
parent rod  or  filament  closely  applied  to  the  embolus  and  regarded 
as  the  conductor;  this  type  of  structure  has  been  observed  in  several 
species  of  this  genus  from  Panama  where  I have  collected  a rather 
large  number  of  specimens  belonging  to  this  genus.  Abdomen:  in 
general  quite  typical  of  males  of  the  genus;  dorsal  scutum  quite  well 
outlined  and  covers  the  major  part  of  the  dorsum;  posterior  pair  of 
muscle  impressions  clear  but  anterior  pair  very  obscure;  epigastric 
region  on  venter  considerably  chitinized.  Color  in  alcohol : in  general 
typical  of  the  genus  with  few  minor  variations. 

Female  paratype.  Total  length,  including  somewhat  extended 
chelicerae  and  spinnerets,  4.46  mm;  excluding  chelicerae  and  spin- 
nerets, total  length  is  nearly  4.22  mm.  Carapace  nearly  2.02  mm 
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long;  nearly  1.39  mm  wide  opposite  posterior  border  of  second  coxae 
where  it  is  widest;  considerably  narrowed  opposite  palps;  nearly 
0.95  mm  tall  shortly  behind  PME  where  it  is  tallest;  surface  quite 
granulose;  median  thoracic  groove  as  usual.  Eyes:  in  general  as  in 
male.  Ratio  of  eyes  AME  : ALE  : PME  : PLE  = nearly  10  : 
12.5  : 11  : 10.  AME  separated  from  one  another  by  nearly  three- 
fifths  of  their  diameter  and  separated  from  ALE  by  nearly  seven-tenths 
of  their  diameter.  PME  separated  from  one  another  by  nearly  1.2 
times  their  diameter  and  separated  from  PLE  by  slightly  less  than 
twice  their  diameter.  Lateral  eyes  separated  from  one  another  by 
nearly  1.7  times  the  diameter  of  ALE.  Central  ocular  quadrangle 
wider  behind  than  in  front  in  ratio  of  nearly  7:5;  wider  behind 
than  long  in  ratio  of  nearly  5 : 4.  Height  of  clypeus  equal  to  1.1 
times  the  diameter  of  AME.  Chelicerae:  somewhat  less  con- 

spicuously developed  than  in  the  male  holotype  but  essentially  as  in 
that  sex;  teeth  along  fang  groove  as  in  the  holotype.  Maxillae: 
essentially  typical  of  females  of  the  genus  and  nearly  as  in  male  except 
that  the  distal  lateral  corner  is  regularly  rounded  without  an  exten- 
sion as  in  the  male.  Sternum:  essentially  as  in  the  holotype;  with 
fourth  coxae  separated  from  one  another  by  nearly  four-fifths  of  their 
width.  Legs:  4123  in  order  of  length;  no  true  spines  observed  but 
there  are  numerous  long,  slender  and  somewhat  conspicuous  spiniform 
bristles;  trichobothria  have  been  observed  but  their  number  and 
placement  have  not  been  determined;  no  ventral  cusps  have  been 
observed.  The  palpal  tarsus  bears  a small  terminal  claw  and  there 
is  a fairly  well  developed  brush  of  hairs  on  the  dorsal  surface  of 
this  segment.  Abdomen : essentially  typical  of  females  of  the  smaller 
species  in  this  genus;  there  is  no  dorsal  scutum  but  the  epigastric 
scutum  is  well  outlined.  The  epigynum  is  obscurely  distinctive;  the 
small  openings  appear  to  be  near  the  anterior  border;  the  canaliculi 
are  very  narrow  and  intricately  inter-coiled  and  very  difficult  to  trace 
accurately  (Fig.  19)  ; the  degree  of  coiling  among  the  canaliculi 
varies  considerably  among  the  available  paratypes. 

Diagnosis.  This  is  another  species  which  seems  to  be  closely  related 
to  T.  bicolor.  The  features  of  the  eyes,  the  sternum,  maxillae,  male 
palp  and  female  epigynum  all  quite  definitely  establish  it  as  a new 
species. 

Records.  Several  dozens  of  males  and  females  were  taken  between 
April  1 and  April  7,  1964  in  Trinidad,  W.  I.,  St.  Augustine  on 
the  campus  of  the  University  of  the  West  Indies  where  the  species 
appeared  to  be  abundant. 
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T rachelas  femoralis  Simon 
Figures  20-22 

Trachelas  femoralis  Simon,  1897:  883.  The  male  and  female  syntypes  from 
the  Island  of  St.  Vincent,  B.  W.  I.  are  in  the  British  Museum  (Natural 
History),  examined.  Roewer,  1954:  587;  Bonnet,  1959:  4667. 

Simon  published  only  a very  brief  description  of  both  male  and 
female;  no  figures  accompanied  the  description.  I have  had  two  pairs 
of  specimens  selected  from  the  syntype  series  for  examination.  The 
following  notes  have  been  taken  from  one  of  these  pairs. 

Male.  Total  length  4.4  mm.  Carapace  nearly  2.35  mm  long; 
1.69  mm  wide  opposite  second  coxae  where  it  is  widest;  nearly  1.06 
mm  tall  shortly  behind  PME  where  it  is  tallest;  with  continuous 
gradual  descent  to  posterior  border;  with  a short,  moderately  well 
developed  median  thoracic  groove;  surface  finely  pitted;  slightly 
notched  opposite  first  coxae.  Eyes:  eight  in  two  rows  as  usual. 
Viewed  from  above,  anterior  row  gently  procurved  and  posterior 
row  moderately  recurved ; viewed  from  in  front,  anterior  row  moder- 
ately procurved  and  posterior  row  only  slightly  recurved,  almost 
straight;  posterior  row  wider  than  anterior  row  in  ratio  of  nearly  10 
: 7.  Ratio  of  eyes  AME  : ALE  : PME  : PLE  — nearly  11  : 13  : 
13  : 12  (outlines  somewhat  indistinct).  Central  ocular  quadrangle 
wider  behind  than  in  front  in  ratio  of  nearly  4:3;  wider  behind 
than  long  in  nearly  the  same  ratio.  AME  separated  from  one 
another  by  nearly  their  radius  and  separated  from  ALE  by  a little 
more  than  their  radius.  PME  separated  from  one  another  by  nearly 
1.33  times  their  diameter  and  separated  from  PLE  by  slightly  less 
than  their  diameter.  Lateral  eyes  separated  from  one  another  by 
nearly  twice  the  diameter  of  ALE.  Height  of  clypeus  nearly  equal 
to  the  radius  of  AME.  Chelicerae:  robust;  with  well  developed 
basal  boss;  fang  typical  of  the  genus;  fang  groove  with  small  teeth 
but  exact  number  not  determined  because  of  fragility  of  the  specimen. 
Maxillae:  essentially  as  shown  in  Figure  20.  Lip:  about  two  thirds 
as  long  as  maxillae;  with  two  pairs  of  depressions  near  base  (Fig. 

21) .  Sternum:  with  a somewhat  distinctive  anterior  border  (Fig. 

22)  ; longer  than  wide  in  ratio  of  nearly  55  : 43;  with  the  usual 
conspicuous  lateral  margins  and  extensions;  posterior  end  narrowed 
and  nearly  squarely  truncated  just  anterior  to  bases  of  fourth  coxae 
which  are  separated  by  nearly  one  half  of  their  width.  Legs:  1243 
in  order  of  length ; first  femora  very  robust ; second  metatarsus  some- 
what longer  than  first ; first  tibiae,  metatarsi  and  tarsi  with  a moder- 
ate number  of  the  usual  ventral  cusps;  second  legs  with  few  cusps. 
The  palp  is  inconspicuous  and  its  important  parts  are  very  difficult 
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Figures  20-22.  Trachelas  femoralis  Simon.  Fig.  20.  Left  maxilla  of  male 
from  below.  Fig.  21.  Lip  of  male  from  below.  Fig.  22.  Anterior  border 
of  sternum  of  male  from  below.  Figures  23-27.  Trachelas  mulcetus  sp.  nov. 
Fig.  23.  Left  maxilla  of  holotype  from  below.  Fig.  24.  Anterior  border  of 
sternum  of  holotype  from  below.  Fig.  25.  Left  palp  of  holotype;  retro- 
lateral  view.  Fig.  26.  Left  palpal  tibia  and  tarsus  of  holotype ; nearly 
ventral  view;  more  enlarged.  Fig.  27.  Epigynum  of  described  female 
paratype  from  below. 
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to  observe;  both  patella  and  tibia  are  short;  both  together  only  a 
little  longer  than  tarsus;  no  tibial  apophysis  observed;  no  figures 
drawn  because  of  obscurity  of  parts.  Abdomen:  essentially  typical 
of  males  of  the  genus  in  general;  with  a weakly  outlined,  narrow 
dorsal  scutum.  Color  in  alcohol:  quite  typical  of  the  smaller  species 
in  this  genus. 

Female.  Total  length  4.28  mm.  Carapace  essentially  as  in  male; 
median  thoracic  groove  barely  discernible.  Eyes:  essentially  as  in 
male.  Other  features  very  similar  to  those  of  male  except  for  the 
sexual  features.  Epigynum:  very  obscure;  with  small  openings 

close  together  and  placed  at  some  distance  anterior  to  the  genital 
groove;  obscurity  precludes  significant  representation  in  figures. 
Color  in  alcohol:  very  similar  to  that  of  male. 

I did  not  collect  members  of  this  species  during  my  visit  to  St. 
Vincent,  B.  W.  I.  in  October,  1966  and,  apparently,  it  has  not  been 
reported  since  it  was  described  by  Simon. 

Trachelas  jamaicensis  Gertsch 

Trachelas  jamaicensis  Gertsch,  1942:  9,  fig.  28.  The  female  holotype  from 
Jamaica,  W.  I.  is  in  the  American  Museum  of  Natural  History,  New 
York  City.  Roewer,  1954:  587. 

One  female  from  Jamaica,  W.  I.,  Portland  Parish,  Blue  Mt.  Peak, 
July  10,  1953  (W.  G.  Lynn)  is  referred  to  this  species  with  some 
uncertainty. 

Trachelas  mulcetus  sp.  nov. 

Figures  23-27 

Holotype.  The  male  holotype  is  from  Jamaica,  W.  I.,  Portland 
Parish,  Blue  Mts.,  Main  Range,  5000-7000  ft.  elevation,  August 
17-19,  1 934 ; collected  by  Dr.  P.  J.  Darlington,  Jr.  The  name  of 
the  species  is  an  arbitrary  combination  of  letters. 

Description.  Total  length,  including  considerably  extended  che- 
licerae,  nearly  7.67  mm;  total  length,  excluding  the  chelicerae5  6.69 
mm.  Carapace  3.25  mm  long;  2.73  mm  wide  opposite  second  coxae 
where  it  is  widest;  much  elevated  in  cephalic  region  where  it  is  nearly 
1.54  mm  tall;  median  thoracic  groove  quite  conspicuous  with  several 
shallow  radiating  grooves;  somewhat  swollen  laterally  at  level  of 
PLE;  otherwise  quite  typical  of  larger  males  of  the  genus.  Eyes: 
eight  in  two  rows  as  usual  in  the  genus.  Viewed  from  above,  anterior 
row  gently  procurved  and  posterior  row  moderately  recurved  and 
occupies  slightly  more  than  nine-elevenths  of  width  of  carapace  at 
that  level  and  is  wider  than  anterior  row  in  ratio  of  nearly  16  : 13. 
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Ratio  of  eyes  AME  : ALE  : PME  : PLE  = nearly  8 : 11.5  : 8.5 
: 10  (irregularities  in  outlines  quite  noticeable).  AME  separated 
from  one  another  by  nearly  three-fourths  of  their  diameter  and 
separated  from  ALE  by  nearly  1.5  times  their  diameter.  Height  of 
clypeus  nearly  equal  to  diameter  of  AME.  PME  separated  from 
one  another  by  slightly  less  than  twice  their  diameter  and  separated 
from  PLE  by  nearly  2.25  times  their  diameter.  Lateral  eyes  separ- 
ated from  one  another  by  1.5  times  the  diameter  of  PLE.  Central 
ocular  quadrangle  wider  behind  than  in  front  in  ratio  of  nearly 
16  : 11 ; wider  behind  than  long  in  ratio  of  32  : 23.  Chelicerae: 
robust;  with  well  developed  basal  boss;  surface  granulose;  moder- 
ately geniculate  near  base;  lateral  margins  somewhat  swollen  distal 
to  boss;  without  observed  keels;  fang  regularly  curved;  fang  groove 
with  three  teeth  along  promargin  and  two  along  retromargin  ; 
scopula  moderately  well  developed.  Maxillae:  typical  of  males  of 
the  genus  in  general;  outer  distal  corner  obtusely  rounded  (Fig.  23)  ; 
longer  than  lip  in  ratio  of  nearly  20  : 13.  Lip:  typical  of  the  genus 
in  general;  longer  than  wide  at  base  in  ratio  of  nearly  14  : 11. 
Sternum:  moderately  convex;  longer  than  wide  in  ratio  of  nearly 
77  : 60;  with  lateral  extensions  as  usual  in  the  gen^s;  anterior 
border  trilobed  and  essentially  as  represented  in  Figure  24;  surface 
finely  granulose  and  with  many  short,  stiff  hairs;  posterior  end 
bluntly  rounded  just  opposite  bases  of  fourth  coxae  which  are  separ- 
ated by  nearly  half  their  width.  Legs:  1243  in  order  of  length;  first 
legs  most  robust  of  the  four  pairs;  no  true  spines  observed;  tricho- 
bothria  observed  on  several  segments;  with  few  spiniform  bristles; 
first  leg  with  several  dozen  cusps  on  ventral  surfaces  of  tibia,  about 
half  as  many  on  the  ventral  surface  of  the  metatarsus  and  only  a 
small  number  on  the  tarsus;  second  legs  with  a reduced  number  of 
cusps  on  the  same  segments;  third  metatarsus  with  a fairly  well 
developed  ventral  distal  brush.  Palp:  essential  features  shown  in 
Figures  25-26;  only  tibia  and  tarsus  with  significant  modifications; 
tibia  with  a short,  distal,  retrolateral  apophysis;  bulb  with  a terminal, 
conical  embolus  tipped  at  an  angle ; spiniform  bristles  somewhat 
conspicuous  on  some  segments.  Abdomen:  broad  ovoid;  with  no 
indication  of  a dorsal  scutum;  with  very  little  chitinization  in 
epigastric  region.  Color  in  alcohol:  cephalothorax,  legs  and  mouth 
parts  nearly  typical  of  the  genus;  abdomen  with  a brownish  gray 
dorsum  with  several  very  narrow,  lighter,  irregular,  transverse  lines 
near  posterior  end;  venter  somewhat  lighter,  yellowish. 

Female  paratype.  Total  length,  including  extended  chelicerae, 
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7.93  mm;  total  length,  excluding  the  chelicerae,  7 mm.  Carapace 
nearly  3.25  mm  long;  2.6  mm  wide  opposite  second  coxae  where  it 
is  widest;  nearly  1.35  mm  tall  in  cephalic  region  a short  distance 
behind  PME  where  it  is  tallest ; in  general,  quite  typical  of  the  larger 
females  in  the  genus.  Eyes:  eight  in  two  rows  as  usual;  posterior 
row  wider  than  anterior  row  in  ratio  of  nearly  5 : 4 and  occupies 
nearly  five-sixths  of  width  of  carapace  at  that  level;  otherwise 
essentially  as  in  male.  Ratio  of  eyes  AME  : ALE  : PME  : PLE 
= nearly  7 : 10  : 7 : 9.  AME  separated  from  one  another  by 
slightly  less  than  their  diameter  and  separated  from  ALE  by  nearly 
1.3  times  their  diameter.  PME  separated  from  one  another  by 
nearly  two  diameters  and  separated  from  PLE  by  nearly  2.5  times 
their  diameter.  Lateral  eyes  separated  from  one  another  by  nearly 
1.2  times  the  diameter  of  ALE.  Central  ocular  quadrangle  wider 
behind  than  in  front  in  ratio  of  7 : 5 ; about  as  long  as  wide  in  front. 
Height  of  clypeus  equal  to  diameter  of  AME.  Chelicerae:  robust; 
more  geniculate  in  front  near  base  than  in  male  holotype ; otherwise 
essentially  as  in  the  holotype.  Maxillae,  lip  and  sternum  all  essentially 
as  in  holotype  with  minor  variations.  Legs:  4123  in  order  of  length; 
otherwise  essentially  as  in  the  holotype.  Palpal  tarsal  claw  very 
small.  Abdomen : essentially  as  in  the  male  holotype  except  for  the 
epigynum  which  is  obscurely  distinctive;  spermathecae  and  canali- 
culi  very  obscure  (Fig.  27)  ; lack  of  paratypes  prevents  more  careful 
examination  and  clearer  representation  in  drawings.  Color  in  alcohol : 
cephalothorax,  legs  and  mouth  parts  essentially  typical  of  females 
of  the  genus  with  minor  variations;  abdomen  essentially  as  in  male 
with  minor  differences ; the  dorsum  is  more  clearly  and  finely  speckled 
with  minute  yellowish  dots;  the  transverse,  lighter  lines  across  the 
posterior  part  of  the  dorsum  are  clearer  than  in  the  male ; the  venter 
is  yellowish-brown  in  general;  the  epigastric  region  is  quite  well 
chitinized. 

Diagnosis.  This  species  appears  to  be  closely  related  to  T.  jamai- 
censis  Gertsch  but  the  male  palpal  features,  the  female  epigynum, 
the  relationships  of  the  eyes  and  other  less  conspicuous  features  all 
seem  to  establish  it  as  a new  species. 

Record.  Shortly  before  her  death  Miss  Elizabeth  Bryant  had, 
apparently,  selected  the  male  and  female  treated  here  for  description 
as  a new  species.  They  have  been  awaiting  attention  in  the  collections 
of  the  Museum  of  Comparative  Zoology  since  that  time.  There  are 
no  paratypes  of  either  sex  available  at  the  present  time. 
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THE  GENUS  PRIOTOMIS  IN  ARGENTINA 
(HYMENOPTERA,  ICHNEUMONIDAE)* 

By  Charles  C.  Porter 

Department  of  Biological  Sciences,  Fordham  University 
Bronx,  N.Y.  10458 

The  genus  Priotomis  (Townes,  1969,  p.  292)  was  placed  by  its 
author  in  the  subtribe  Lymeonina  of  the  ichneumonid  tribe  Meso- 
stenini.  While  data  provided  by  a study  of  the  new  species  treated 
in  this  article  do  not  controvert  that  placement,  it  is  well  to  empha- 
size that  Priotomis  shows  a number  of  singularly  aberrant  characters 
unparalleled  among  other  genera  of  its  subtribe.  For  example,  the 
presence  of  a series  of  teeth  on  the  dorsal  valve  of  the  ovipositor  tip 
recalls  the  Baryceratina  rather  than  the  Lymeonina,  whereas  the 
specialized,  twisted  mandibular  apex  is  not  found  in  any  other  meso- 
stenine  genus. 

Priotomis  was  described  from  a unique  female  collected  in  the 
wet  subtropical  forest  of  Santa  Catarina  State  in  southern  Brasil. 
Now,  however,  another  specimen  has  come  to  light,  from  the  inver- 
nally  deciduous  Chaco  Forest  of  northwest  Argentina,  and  this  form, 
while  agreeing  perfectly  with  Townes’  diagnosis  of  Priotomis,  dif- 
fers in  so  many  respects  from  its  Brazilian  congener  that  it  must  be 
recognized  as  a separate  species. 

Genus  Priotomis  Townes 

Priotomis  Townes,  1969.  Mem.  Amer.  Ent.  Inst.,  12:  292-293. 

Type:  Priotomis  rana  Townes.  Original  designation. 

Length  of  fore-wing:  6.07.8  mm.  Body:  relatively  robust.  Eyes: 
somewhat  protruding.  Clypeus:  uniformly  flat  or  with  the  basal 
0.6  weakly  convex  and  the  apical  0.4  flat;  apical  margin  straight  or 
a little  convex,  thin,  without  a tooth  or  median  irregularity.  Man- 
dible: with  its  apex  twisted  in  such  a manner  that  the  lower  tooth 
is  located  almost  directly  beneath  the  upper  tooth.  Pronotum:  epomia 
absent;  dorsal  margin  not  swollen.  Mesoscutum:  short,  mat,  with 
rather  dense  setae;  notauli  absent.  Mesopleuron:  sternaulus  weak  or 
well  defined,  but  not  extending  more  than  half  the  distance  to  middle 
coxa.  Mesosternum:  median  part  of  postpectal  carina  absent.  Wing 
venation:  areolet  small,  square,  apically  open;  nervulus  antefurcal; 
mediella  strongly  arched ; axillus  relatively  close  to  the  hind  margin 
of  the  wing  and  parallel  to  it.  Propodeum:  short,  its  basal  trans- 

*Manuscript  received  by  the  editor  June  18,  1972 
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verse  groove  shallow  and  rather  narrow;  spiracle  subcircular;  basal 
trans-carina  well  defined  but  becoming  comparatively  weaker  medial- 
ly; apical  trans-carina  lacking.  First  gastric  tergite:  without  longi- 
tudinal carinae;  spiracle  at  apical  0.30-0.35.  Second  tergite:  with 
comparatively  dense  setae.  Ovipositor : sheathed  portion  O.23-O.25  as 
long  as  the  hind  tibia;  compressed;  nodus  weak  and  low;  dorsal  valve 
on  tip  with  a series  of  6-9  small  teeth. 

Key  to  the  Species  of  Priotomis 
1.  Second  gastric  tergite  smooth  and  shining;  head  with  profuse 
white  markings;  mesoscutum  with  a pair  of  longitudinal  white 

lines;  propodeum  with  a basal  white  blotch  

I.  P.  golbachi  n.  sp. 

Second  gastric  tergite  mat;  head  completely  black;  mesoscutum 
without  white  lines;  propodeum  without  a basal  white  blotch, 
with  pale  subapical  areas  only  2.  P.  rana  Townes. 

1.  Priotomis  golbachi  n.sp 
Figure  1 

Holotype:  (female)  Argentina  (Salta:  Urundel,  January  31, 

1950,  R.  Golbach) . (Tucuman). 

Female:  Color:  antenna  black  with  a white  dorsal  band  that 
begins  at  the  apex  of  5th  flagellomere  and  extends  to  the  base  of 
12th;  flagellomeres  6-10  each  also  with  a little  white  near  the  base 
ventrally;  apex  of  pedicel  and  base  of  first  flagellomere  tinged  with 
dark  brown,  and  apical  1/3  of  flagellum  ventrally  stained  with  gray. 

Head  and  mesosoma  black  with  the  following  white  markings: 
pair  of  large  dorso-lateral  blotches  on  clypeus;  central  blotch  on 
front;  wide  orbital  band,  which  below  extends  broadly  across  malar 
space  but  which  above  is  interrupted  over  about  the  upper  1/3  of 
the  external  orbit;  broad  band  on  all  but  hind  angle  of  anterior  mar- 
gin of  pronotum;  large  blotch  medially  on  dorso-lateral  margin  of 
pronotum ; tegulae ; pair  of  longitudinal  lines  on  mesoscutum ; scutel- 
lum,  except  near  apex;  large  blotch  on  subalarum;  large,  irregular, 
oblique  blotch  that  covers  much  of  lower  2/3  of  mesopleuron  be- 
tween the  prepectal  carina  and  the  lower  hind  corner;  upper  2/3  of 
hind  margin  of  mesopleuron;  a pair  of  extensive,  very  much  brown- 
tinged  blotches  on  mesosternum  near  bases  of  coxae;  large  blotch 
covering  most  of  upper  division  of  metapleuron;  oval  medio-basal 
blotch  on  propodeum ; and  a pair  of  very  large  and  irregular  postero- 
lateral areas  situated  partly  on  propodeum  and  partly  on  dorsal  re- 
gion of  lower  division  of  metapleuron ; some  cephalic  and  mesosomatic 
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Figure  1.  Priotomis  golbachi  n.  sp.  Dorsal  view  of  female  holotype, 
showing  color  pattern  of  body. 
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margins  and  sutures,  including  apical  half  of  clypeus,  tinged  with 
brown. 

Wings  hyaline,  very  slightly  darkened  apicad. 

Petiole  whitish  below  and  whitish  with  much  brown  staining 
above ; postpetiole  black ; rest  of  gaster  orange. 

Fore-leg  with  coxa  black  with  much  brown  staining  and  with  an 
extensive  dorso-lateral  white  blotch;  trochanter  whitish  with  dusky- 
brown  staining  posteriorly ; trochantellus  whitish ; femur  whitish  with 
an  extensive  dusky-brown  area  on  much  of  posterior  face  except  near 
base  and  apex;  tibia  whitish;  tarsomeres  1-2  whitish  and  3-5  black; 
mid-legs  with  coxa,  trochanters,  and  femur  orange,  except  for  a 
longitudinal  dusky-brown  area  situated  postero-dorsally  on  subapical 
half  of  femur;  tibia  yellowish;  tarsomeres  1-2  yellowish  and  3-5 
black  with  a little  yellowish  near  base  of  3 ; hind-legs  with  coxa, 
trochanters,  and  femur  orange,  except  that  femur  has  a large  black 
dorso-lateral  area,  which  begins  very  narrowly  a little  before  the 
middle  and  extends,  becoming  progressively  wider,  as  far  as  the  apex ; 
tibia  yellow  with  base  narrowly  black;  tarsomeres  1-3  yellow  and 
4-5  black. 

Length  of  fore-wing : 7.8  mm. 

Flagellum:  long,  rather  stout,  the  basal  2/3  distinctly  compressed 

but  the  apical  1/3  tending  to  cylindric;  first  segment  3.8  as  long  as 
deep  at  apex.  Clypeus : uniformly  flat,  apical  margin  straight.  Malar 
space:  1.2  as  long  as  basal  width  of  mandible.  Temple:  0.2  as  long 
as  eye  in  dorsal  view;  strongly  and  directly  receding.  Occipital 
carina:  interrupted  above  on  about  the  median  half. 

Wing  venation:  upper  part  of  nervellus  0.7  as  long  as  lower  part. 

Postpetiole : 1.3  as  wide  apically  as  long  from  spiracle  to  apex. 

Second  gastric  tergite:  smooth  and  polished  with  very  weak  micro- 
reticulation  and  with  numerous  small,  superficial  punctures  that  in 
general  are  separated  by  distinctly  more  than  their  diameters  and 
which  emit  short  setae  for  the  most  part  as  long  as  or  only  a little 
shorter  than  their  interspaces. 

Ovipositor : sheathed  portion  0.25  as  long  as  hind-tibia. 

Male  : unknown. 

Collections:  The  holotype  has  been  deposited  in  the  collection 

of  the  Instituto  Miguel  Lillo,  S.M.  de  Tucuman,  R.  Argentina. 

Specific  name:  This  species  is  named  in  honor  of  Sr.  Rodolfo 

Golbach,  whose  tireless  fieldwork  of  several  decades  has  done  much 
to  make  the  collection  at  Tucuman  the  finest  in  Latin  America. 

Habitat  notes:  Sr.  Golbach  reports  that  he  obtained  the  unique 

female  of  this  species  in  a small  patch  of  woods  near  the  station  of 
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the  Ferrocarril  General  Belgrano  at  Urundel  in  Salta  Province. 
The  vegetation  at  Urundel  is  the  so-called  Selva  Chaquena,  a dis- 
tinctive type  of  subtropical  deciduous  forest,  which  in  northwest  Ar- 
gentina north  of  Ledesma  forms  a relatively  narrow  band  of  transi- 
tion between  the  dry  Chaco  Scrub  on  the  east  and  the  much  wetter 
Selva  Tucumano-Boliviana  on  the  west  at  the  base  of  the  mountains. 

Acknowledgements:  It  is  my  pleasure  to  thank  Dr.  Jose  An- 

tonio Haedo  Rossi,  Director  of  the  Fundacion  Miguel  Lillo,  for 
providing  working  space  and  equipment  during  the  course  of  this 
study. 

Srta.  Alicia  E.  Sandoval  of  the  Fundacion  Miguel  Lillo  inked  the 
figure  used  to  illustrate  this  paper  from  a pencil  sketch  supplied  by 
the  author. 
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A NEW  SPECIES  OF  WIDOW  SPIDER 
(GENUS  LATRODECTUS ) 

FROM  SOUTHERN  AFRICA 
(ARANEAE:  THERIDIIDAE) . 

By  Ian  R.  Mackay 
Harvard  College,  Cambridge,  Mass.* 

Introduction.  Despite  numerous  names  there  are  apparently 
only  a few  species  of  widow  spiders  (Levi  1959).  The  members  of 
the  genus  Latrodectus  are  of  considerable  interest  since  their  venom 
has  a fraction  specific  to  vertebrates,  as  well  as  a group  of  proteins 
specific  to  insects,  their  normal  prey.  Several  new  species  have  re- 
cently been  discerned  as  a result  of  studying  the  habits  of  sympatric 
black  widows  (Levi  1966,  McCrone  & Levi  1964).  Minor  but  con- 
sistent differences  in  the  genitalia  were  found  later.  Also,  Abalos 
(1962,)  found  four  sympatric  species  of  black  widows  in  Argentina, 
with  different  habits  and  egg-sacs. 

In  this  paper  a new  species  is  described  from  Rhodesia,;  the  first 
sibling  species  of  the  cosmopolitan  Brown  widow  (L.  geometricus) . 
This  new  species  was  first  separated  by  the  distinctive,  smooth  egg- 
sacs  (Fig.  9).  The  two  species  seem  to  occur  together.  The  geni- 
talia are  distinct,  in  contrast  to  the  sympatric  L.  revivensis,  L.  palli- 
dus  and  L.  mactans  tredecimguttatus  in  Israel  (Levi  1966). 

I have  not  been  able  to  match  this  new  species  to  any  of  the  pre- 
vious descriptions  from  Africa,  most  of  which  are  based  on  color 
variations  of  L.  geometricus. 

Egg-sacs  The  different  egg-sacs  (Fig.  9)  first  made  me  aware 
of  the  possibility  of  another  species  confused  with  L.  geometricus. 
The  egg-sacs  of  L.  rhodesiensis  are  smooth,  spherical  and  dirty  white 
in  color  (pure  white  when  first  constructed).  They  are  larger  than 
the  yellow,  tufted  cocoons  of  geometricus , with  an  external  diameter 
of  10-18  mm  (5-9  mm  in  egg-sacs  of  geometricus  from  Rhodesia). 
These  smooth  cocoons  consist  of  an  inner,  pear-shaped,  thin- walled 
sac  — approximately  half  the  diameter  of  the  complete  structure  — 
surrounded  by  a layer  of  fluffy  threads. 

Hemolymph  In  a search  for  other  distinguishing  characters  I 
examined  the  hemolymph  of  the  two  species  using  electrophoresis, 
since  McCrone  ( 1967)  separated  sibling  species  of  L.  mactans  by  this 

*Mail  address:  Museum  of  Comparative  Zoology,  Harvard  College, 

Cambridge,  Mass.  02138. 
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Figures  1-8.  Latrodectus  rhodesiensis , n.sp.  Figs.  1-3,  left  male  palpus. 
1.  mesal  view;  2.  ventral  view;  3.  lateral  view.  Figs.  415,  epigynum.  4. 
dorsal  view,  cleared;  5.  ventral  view.  Figs.  6-8,  female  abdomen.  6.  lat- 
eral view;  7.  dorsal  view;  8.  posterior  view. 

Scales:  Figs.  1-5,  0.1  mm;  Figs.  7-9,  1 mm. 
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Figure  9.  Egg-sacs  of  L.  rhodesiensis  (smooth)  and  L.  geometricus 
(spiked).  Lower  scale  in  centimeters. 
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method.  The  runs  were  made  on  Schleicher  cellulose  acetate  strips 
in  a Shandon  Electric  cell,  with  a Vokam  SAE  2761  power  pack. 
Borate  buffer  (pH  8.48)  was  used  and  150  V constant  voltage  at 
3 ma  applied  for  several  hours.  The  results  to  date  indicate  that 
there  are  differences,  for  example  in  the  lowered  mobility  of  the  last 
band  in  geometricus  (Fig.  10),  but  the  method  is  too  crude  to  permit 
accurate  separation. 

A difference  in  the  color  of  the  extracted  hemolymph  was  also 
noted : that  from  geometricus  was  pale  pink  and  from  rhodesiensis 
the  hemolymph  was  colorless. 

Natural  history  The  two  species  are  found  in  the  same  habi- 
tat, often  living  within  a meter  of  each  other.  No  consistent  differ- 
ences have  been  noticed  in  the  position  of  the  retreat  or  in  the  web 
structure.  A qualitative  examination  of  the  prey  remains  of  both 
species  has  failed  to  show  food  preferences. 

Differences  have  been  seen  in  the  breeding  biology.  The  mean 
number  of  eggs  per  cocoon  (in  captivity)  is  different:  133.59  — 
39.78  (29  cocoons)  for  geometricus ; and  166.38  zb  70.31  (86  co- 
coons) for  rhodesiensis.  The  diameter  of  the  eggs  is  0.91-0.92  mm  in 
geometricus  and  0.92-0.96  mm  in  rhodesiensis.  The  color  of  the  egg  is 
different:  those  of  rhodesiensis  are  pale  yellowish  flesh;  while  eggs 
of  geometricus  are  dark  pink.  Kaston  (1970),  however,  has  noted 
eggs  of  different  colors  in  the  same  cocoons  of  black  widows.  The 
cocoons  of  both  species  are  parasitized  by  the  larvae  of  M antispa 
tenella  (Neuroptera:  Mantispidae) . No  consistent  differences  were 
discerned  in  preliminary  observations  of  the  postembryological  de- 
velopment. Two  series  of  young  of  each  species  were  reared  to  the 
sixth  instar  (adult  males  and  immature  females)  and  showed  no 
differences  in  pattern. 

Latrodectus  rhodesiensis  sp.n. 

Figures  1-9 

Types  Male  holotype,  female  paratype  from  Salisbury  (Rho- 
desia), deposited  in  the  Natal  Museum,  Pietermaritzburg  (South 
Africa).  Paratypes  deposited  in  the  British  Museum  (Natural  His- 
tory) and  the  Museum  of  Comparative  Zoology. 

Description.  Similar  in  appearance  to  L.  geometricus.  Females 
apparently  have  similar  measurements.  The  male  measures:  2.5  mm 
total  length.  Carapace  1.2  mm  long  and  1.0  mm  wide.  First  femur, 
2.3  mm;  patella  and  tibia,  2.6  mm;  metatarsus,  2.6  mm;  tarsus  1.0 
mm.  Second  patella  and  tibia,  1.4  mm;  third,  0.9  mm;  fourth,  1.7 
mm. 
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Figure  10.  Electrophoresis  plates  of  L.  geometricus  (1st  and  3rd  plates 
from  left)  and  L.  rhodesiensis  (2nd  and  4th  plates).  1st  and  2nd;  3rd  and 
4th  plates  run  together.  Differences  noted  by  arrows. 

Diagnosis  The  males  are  distinguished  from  L.  geometricus  by 
the  additional  coil  of  the  embolus  and  by  the  lack  of  a spur  on  the 
conductor  (Figs.  1-3).  The  epigynum  is  much  like  that  of  geometri- 
cus. The  spermathecae  are  more  heavily  sclerotised  than  in  geometri- 
cus and  the  coils  of  the  ducts  extend  antero-laterally  beyond  the 
spermathecae  (Fig.  4).  The  inner  line  of  the  pattern  of  the  female 
abdomen  seems  more  distinct  (Figs.  7,  8). 

Records  Rhodesia:  I have  collected  specimens  of  L.  rhodesiensis 
in  Salisbury.  Smooth  cocoons  have  been  found  in  Kariba  (G.  Begg), 
Darwendale  (IRM)  and  Bulawayo  (IRM).  I have  collected  L. 
geometricus  in  Salisbury  and  Umtali. 

South  Africa:  J.  Ledger  (pers.  comm.)  collected  a single  female 

L.  rhodesiensis  in  Walkerville  (30  Km  south  of  Johannesburg).  G. 
Newlands  has  sent  me  specimens  of  L.  geometricus  from  Pretoria 
(Transvaal),  and  Kroonstad  and  Boshof  (Orange  Free  State). 

Mozambique:  D.  Broadley  collected  a single  female  L.  geometri- 
cus with  egg-sacs  35  Km  south  of  Inchobe,  on  the  new  road  to  NE 
Mozambique. 

Botswana:  There  is  a single  female  L.  geometricus  in  the  MCZ 
collection  from  Tonota  (D.  Carmichael). 

Acknowledgments  I wish  to  thank  my  parents,  Dr.  R.  Phelps, 
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Map  1.  Southern  African  records  of  L.  rhodesiensis  and  L.  geometricus. 
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UNUSUAL  STRUCTURES  IN 
THE  PALEOZOIC  INSECT  ORDERS 
MEGASECOPTERA  AND  PALAEODICTYOPTERA, 
WITH  A DESCRIPTION  OF  A NEW  FAMILY* 

By  Jarmila  Kukalova-Peck 
Department  of  Geology,  Carleton  University, 

Ottawa,  Ontario,  Canada 

The  order  Megasecoptera  is  a representative  of  the  haustellate 
paleopterous  insects  of  the  evolutionary  line  that  lived  during  the 
Pennsylvanian  and  the  Permian.  The  similarity  of  wings  and  body 
structures,  such  as  mouth-parts  and  genitalia,  indicate  very  close  re- 
lationship with  the  order  Palaeodictyoptera.  Both  groups  are  pre- 
sumed to  have  emerged  sometime  during  the  Mississippian  from  a 
common  ancestor.  While  Palaeodictyoptera  are  usually  larger  and 
more  sturdily  built,  bearing  broad  wings  with  a rich  venation  and 
prothoracic  lobes,  Megasecoptera  are  slender  insects  with  a more 
delicate  appearance,  with  petiolate  wings  and  simplified  venation, 
with  enlarged  thorax  lacking  prothoracic  lobes,  and  with  tapering 
abdomen. 

The  present  paper  deals  with  an  extraordinary  morphological 
feature  — projections  of  the  body  cuticle,  which  occur  in  most  or 
all  Megasecoptera  and  at  least  in  some  Palaeodictyoptera.  These  arc 
conspicuous  processes,  which  are  short  to  very  long,  simple  or 
branched,  and  which  are  distributed  in  regular  rows  on  the  ab- 
domen and  thorax. 

A fuller  understanding  of  the  morphology  of  this  very  unusual 
character  resulted  from  two  years  of  intensive  research  by  Dr.  F. 
M.  Carpenter  and  myself,  based  upon  fossil  material  of  Commentry 
(Upper  Pennsylvanian,  France),  Mazon  Creek  (Middle  Pennsyl- 
vanian, Illinois),  Obora  (Lower  Permian,  Czechoslovakia),  Elmo 
(Lower  Permian,  Kansas),  and  now  also  Tshekarda  (Lower  Per- 
mian, Siberia).  I am  deeply  indebted  to  Professor  Carpenter,  who 
was  very  helpful  in  the  preparation  of  this  study. 

Until  now,  the  projections  have  been  only  poorly  known.  They 
were  at  first  mostly  interpreted  as  tracheal  gills  that  persisted  into  the 

♦This  study  has  been  supported  in  part  by  grant  No.  GB-27333  (F.  M. 
Carpenter,  Principal  investigator,  Harvard  University)  from  the  National 
Science  Foundation. 

Manuscript  received  by  the  editor  July  15,  1972. 
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adult  stage,  or  later  as  short  lateral  spines  on  the  abdominal  segments 
and  thorax.  The  following  is  a short  account  of  present  knowledge. 

The  projections  on  the  prothorax  are,  in  some  families,  long  and 
filiform,  but  in  other  families  rather  short,  pointed  and  spine-like. 
They  were  described  as  spines  in  some  Megasecoptera,  namely  in 
Mischoptera , Aspidothorax , Corydaloides  and  Foriria  by  Brongniart 
(1885  ab,  1890,  1893),  Lameere  (1908,  1917),  Carpenter  (1951, 
1968)  and  others.  In  1968  Carpenter  and  Richardson  mentioned  stout 
lateral  spines  in  the  nymph  of  Mischoptera  douglassi  on  the  meso- 
and  metathorax. 

The  abdominal  projections  are  actually  filiform,  growing  in  fringe- 
like rows  out  of  the  tergites.  However,  all  previous  authors  ob- 
served only  the  basal  parts  of  several  abdominal  projections  situated 
laterally,  which  led  to  incorrect  interpretations.  Thus  Brongniart 
(1885,  p.  63;  1885,  p.  658;  1890,  p.  1540)  considered  them  to  be 
branchio-tracheal  appendages,  which  served  for  aquatic  respiration  in 
nymphs  and  which  were  carried  over  to  the  adults.  In  his  general 
account  on  Carboniferous  insects  of  Commentry,  he  gave  a detailed 
figure  (1893,  p.  305,  p.  298,  fig.  50)  of  an  enlarged  “lateral  lamella’’ 
with  branched  “tracheae”  in  the  genus  Corydaloides  (Mischopte- 
ridae).  His  point  of  view  was  followed  by  Brauer  (1886,  p.  107), 
who  classified  the  projections  as  “persistent  abdominal  tracheal  gills”. 

Handlirsch  first  (1906)  stated  that  Megasecoptera  possessed  “den- 
tated  lamellar  appendages,  which  were  perhaps  derived  from  tracheal 
gills”. 

The  gill  character  of  the  projections  was  denied  by  Lameere  ( 1908, 
p.  136;  1917,  p.  28;  1917,  p.  145),  who  compared  the  “lamellae” 
with  the  lateral  expansions  of  the  Recent  mayfly  Oniscigaster  wake- 
field  i (N.  Zealand).  He  regarded  the  projections  protruding  out 
from  “lamellae”  to  be  backwardly  directed  spines. 

Martynov  (1938,  p.  25)  characterized  Megasecoptera  as  having 
“lateral  expansions  of  abdominal  segments  with  tooth-like  or  spine- 
like  outgrowths,  homologous  with  prothoracic  spines  and  prothoracic 
winglets  of  Palaeodictyoptera,  reduced  and  modified”.  Carpenter 
(1951,  P-  353)  correctly  stated  that  the  projections  were  extensions 
of  tergites,  but  also  believed  them  to  be  short  and  spine-like  in  char- 
acter (Corydaloididae,  1951,  p.  351). 

A significant  step  in  the  research  of  the  character  of  abdominal 
projections  was  the  paper  on  megasecopterous  nymphs  published  by 
Carpenter  and  Richardson  (1968).  In  this  remarkably  preserved 
nymph,  Mischoptera  douglassi , the  hind  margins  of  the  abdominal 
tergites,  except  the  last  two,  bear  a row  of  seven  stout  “spines”.  This 
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fact  was  unusual  enough  to  inspire  the  thoroughfull  examination  of 
abdominal  tergites  of  all  known  Megasecoptera  for  this  feature. 

After  a detailed  discussion  with  Dr.  Carpenter  (during  my  tenure 
as  Alexander  Agassiz  Lecturer  in  Zoology  at  Harvard  University), 
I visited  the  Museum  d’Histoire  Naturelle  in  Paris  on  my  return 
trip  to  Europe.  This  institution’s  collections  hold  the  most  extensive 
material  of  Paleozoic  Megasecoptera  (Brongniart,  1893;  Carpenter, 
1951).  I found  that  each  of  the  sufficiently  preserved  megasecopteran 
bodies  (mostly  Mischopteridae)  had  prolonged  filaments  leading  from 
the  posterior  margin  of  the  abdominal  tergites.  The  projections  were 
visible  only  under  glycerin,  a medium  which  was  obviously  not  ap- 
plied to  the  fossils  by  previous  students.  It  should  be  noted  that  in 
the  Mischoptera  douglassi  nymph  the  bases  of  the  projections  give  a 
perfect  spine-like  appearance,  which  now  seems  to  be  due  to  incom- 
plete preservation.  Recently,  Carpenter  and  Richardson  (1971)  de- 
scribed long  filamentous  projections  in  Eubrodia  dabasinskasi  (Brodi- 
idae)  extending  posteriorly  along  the  mesothorax  to  almost  the  end  of 
the  body. 

The  specimens  of  Megasecoptera  and  Palaeodictyoptera  newly  in- 
troduced in  the  present  paper  contribute  significant  features  to  the 
knowledge  of  the  projections.  Sylvohymen  sibiricus  n.sp.  (Bardohy- 
menidae),  a megasecopteron  from  the  Lower  Permian  of  Siberia, 
shows  the  hollow,  broken  bases  of  projections  located  not  only  along 
the  posterior  margin  of  abdominal  tergites,  but  also  on  tergal  nota 
of  the  whole  body  (fig.  1 and  pi.  1).  M'onsteropterum  moravicum 
n.sp.,  a palaeodictyopteron  from  the  Lower  Permian  of  Czechoslo- 
vakia, presents  well  preserved  projections  (fig.  6 and  pi.  3),  showing 
details  of  the  surface  and  of  multiple  branching. 

Summarizing  our  present  knowledge,  we  can  say  that  the  processes 
or  projections  are  hollow  outgrowths  of  the  tergites  and  are  usually 
arranged  into  regular  transverse  rows,  are  simple  or  branched,  and 
are  short  to  very  long,  according  to  the  particular  families.  The 
outgrowths  are  directed  up  and  backwards  from  the  body,  so  that 
they  protrude.  The  ventral  side  of  the  projection-bearing  bodies  is 
not  known.  On  the  thorax,  the  projections  may  form  spines,  or  may 
be  filiform,  identical  to  those  on  the  abdomen.  The  abdominal  projec- 
tions with  their  superimposed  series  of  fringes,  resemble  the  tradi- 
tional skirt  of  the  Spanish  national  female  costume.  It  is  possible 
that  all  species  of  Megasecoptera  possessed  projections,  more  or  less 
developed,  both  adults  and  nymphs.  Projections  of  the  same  char- 
acter occurred  in  some  Palaeodictyoptera,  but  probably  not  in  all 
families. 
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It  has  taken  almost  80  years  for  acquisition  of  the  above  data  about 
these  two  groups  of  insects,  though  they  are  not  rare  in  Paleozoic 
deposits.  This  slow  process  becomes  more  understandable  after  con- 
sidering the  character  and  nature  of  preservation  of  the  projections. 
Protruding  above  the  body  in  life,  they  tended  to  become  hidden  by 
the  superimposed  sediment  rather  than  become  compressed  at  the  same 
level  as  the  body  itself  during  fossilization.  The  broken  and  usually 
more  sclerotized  bases  of  the  projections  are  not  distinguishable  from 
spines  or  tubercles  and  are  mostly  inconspicuous.  Finally,  in  a ma- 
trix which  does  not  preserve  chitin,  the  imprints  of  the  projections 
are  vague. 

During  my  study,  the  projections  were  thoroughly  examined  for 
connections  with  the  insect’s  body.  In  the  matrix  capable  of  pre- 
serving chitin  (e.g.  Commentry  shale),  the  projections  have  the  same 
brown  color  as  the  terga.  Their  surface  is  covered  with  a rugosity 
similar  to  that  on  the  body  (Mazon  Creek,  Illinois)  or  with  a minor 
rugosity  and  scattered  sockets  of  setae  (Obora,  Moravia).  In  Mon - 
steropterum  moravicum } the  surface  of  the  projections  is  identical  to 
that  of  the  legs.  The  arrangement  of  the  projections  is  regular  and 
probably  characteristic  for  all  genera  within  a family  (I  have  found 
this  to  be  true  so  far  for  Bardohymenidae,  Protohymenidae  and  Mis- 
chopteridae).  The  width  of  the  projections  varies  with  the  size  of 
specimens;  their  arrangement  is  bilaterally  symmetrical.  The  above 
mentioned  features  exclude  the  possibility  that  the  outgrowths  are 
parasitic  organisms  or  fungi. 

These  projections  in  the  Megasecoptera  and  Palaeodictyoptera  ap- 
pear unique  among  insect  orders,  and  their  function  remains  ob- 
scure. However,  several  features  suggest  that  they  might  be  homo- 
logous to  certain  tergal  structures  of  Odonata.  In  all  Recent  Odo- 
nata,  there  is  a transverse  ridge  at  each  end  of  the  tergum,  the 
anterior  and  posterior  transverse  carinae  (Walker  1953,  p.  18).  The 
former  is  inconspicuous,  but  the  posterior  carina  is  a distinct  ridge 
bearing  a row  of  small  tubercles  or  denticles.  By  the  position  and 
arrangement  in  rows,  the  projections  in  Megasecoptera  and  Palaeodic- 
tyoptera are  very  suggestive  of  the  prolonged  and  enlarged  carinal 
denticles  of  Odonata.  Their  function,  of  course,  presents  a com- 
plicated problem,  which  can  hardly  be  solved  with  fossil  material. 

Order  Megasecoptera 
Family  Bardohymenidae  Zalessky 
Type  Genus:  Bardohymen  Zalessky,  1937. 

This  family  was  erected  by  G.  Zalessky  (1937)  and  redefined  by 
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Figure  1.  Sylvohymen  sibiricus  n.sp. ; Pr  = bases  betfow  outgrowth  of  tergites.  ffoletyper  fore  wing 
length  50  mm,  width  9.1  mm.  Lower  Permian  of  Siberia. 
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Carpenter  (1947).  A significant  contribution  to  the  morphology  of 
the  wings  was  published  by  Carpenter  (1962).  Until  now,  the 
family  has  been  based  only  upon  isolated,  more  or  less  fragmentary 
wings. 

The  following  introduces  certain  characteristics  of  body  structures 
and  some  additional  features  of  wing  morphology,  based  upon  5 new 
specimens  from  the  Lower  Permian  of  Siberia  and  Czechoslovakia. 

Wings  subequal  in  length  and  shape,  strongly  petiolate,  similar  in 
venation;  C flattened  and  wide,  very  close  to  Sc;  Sc  distinguishable 
as  a separate  vein  only  in  proximal  part  of  the  wing;  Ri  contiguous 
with  C and  Sc  except  in  the  very  distal  part  of  the  wing;  Ri  with 
short  terminal  branches ; Rs  originating  at  about  midwing,  giving  rise 
to  2-3  branches;  M very  close  to  R basally,  diverging  away  from  R 
beyond  the  first  quarter  of  the  wing  length;  M dividing  into  MA 
and  MP  at  variable  level,  but  near  to  the  origin  of  Rs;  MA  con- 
nected with  Rs  or  R with  a strong  cross  vein;  Cu  at  the  base  fused 
with  the  stem  of  M ; CuA  connected  with  the  stem  of  M by  a strong 
cross  vein;  2 anal  veins,  Ai  long  with  a pectinate  series  of  branches; 
A2  very  short  and  simple;  cross  veins  not  numerous,  usually  ar- 
ranged in  2 rows;  veins  and  wing  margin  with  rows  of  setal  bases 
or  sockets. 

Body  structures:  head  small,  short  and  broad,  with  large  pro- 
jecting eyes;  antennae  long,  composed  of  many  cylindrical  segments; 
maxillary  palpi  robust;  prothorax  trapezoidal;  mesothorax  and  meta- 
thorax large  in  proportion  to  the  rest  of  the  body;  legs  of  middle 
length,  cursorial;  abdomen  relatively  slender,  tapering  abruptly  in 
the  anterior  part ; females  with  1 1 visible  segments  and  protruding 
ovipositor;  projections  forming  rows  on  the  posterior  margin  of 
thoracic  and  abdominal  segments;  parallel,  transverse  rows  of  projec- 
tions on  abdominal  terga  and  occasionally  on  thoracic  segments ; larger 
projections  located  in  pairs  in  the  central  parts  of  the  body  segments. 

The  family  Bardohymenidae  is  closely  related  by  wing  morphology 
to  Protohymenidae  (Carpenter,  1962),  which  turns  out  to  be  true 
also  for  the  body.  However,  the  wing  venation  is  less  advanced, 
possessing  an  MA  which  is  not  anastomosed  with  Rs,  and  a CuA 
free  from  M.  Also  the  general  form  of  the  wings  is  less  specialized, 
as  the  hind  wings  are  almost  equal  to  the  fore  wings,  not  reduced  in 
length  as  in  the  Protohymenidae.  The  body  in  both  families  is  much 
alike,  possessing  a large  thorax  and  tapered  abdomen.  The  bardohy- 
menid  body  is,  in  relation  to  the  wings,  more  heavy.  Through  the 
courtesy  of  Dr.  Carpenter  I was  able  to  study  Protohymen  readi 
Carpenter  ( 1 933 ) » Protohymen  elongatus  Carpenter  (1930)  and 
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Protohymen  permianus  Tillyard  (1924)  for  projections.  In  all  three 
specimens  the  bases  of  projections  are  present  and  very  similarily  dis- 
tributed as  in  Bardohymenidae.  However,  they  merge  with  the  un- 
even surface  of  the  rock  to  such  an  extent  that  they  would  be 
undetectable  unless  a well  preserved  specimen,  such  as  the  type  of 
S.  sibiricus  n.sp.,  were  available  for  comparison.  By  delicate  prepara- 
tion of  the  surrounding  matrix  I was  able  to  uncover  remnants  of 
projections  (P.  readi , specimen  3257,  Museum  of  Comp.  Zoology, 
Harvard  University;  P.  permianus , specimen  5053,  Peabody  Museum^ 
Yale  University),  which  are  prolonged  and  backwardly  curved.  This 
fact  is  very  significant,  because  in  Sylvohymen  sibiricus  n.sp.  ( Bardo- 
hymenidae) the  projections  continue  into  the  covering  matrix  and 
cannot  be  followed. 

The  projections  in  Bardohymenidae  and  Protohymenidae  are  ar- 
ranged in  transverse  rows.  By  position  and  distribution  they  are  very 
similar  to  denticles  in  the  transverse  carinae  of  Odonata.  In  my 
opinion,  these  structures  may  be  homologous.  Besides,  some  anisop- 
teran  nymphs  (for  instance  Erpetogomphus  designatus , Gomphidae) 
Needham  & Westfall,  1955,  bear,  on  several  abdominal  terga,  paired 
darker  pits,  located  along  the  median  line  precisely  like  the  bases  of 
the  large  paired  projections  in  Bardohymenidae  and  Protohymenidae. 
This  similarity  is  suggestive  of  possible  musculature  inside  the  paired 
projections  in  Megasecoptera. 

Genera  included:  Bardohymen  G.  Zalessky,  1937  (Lower  Per- 
mian, Barda  River,  U.S.S.R.)  ; Sylvohymen  Martynov,  1941  (Lower 
Permian,  Tshekarda,  Siberia,  U.S.S.R.  and  Lower  Permian,  Okla- 
homa) ; Calohymen  Carpenter,  1947  (Lower  Permian,  Oklahoma)  ; 
Actinohymen  Carpenter,  1962  (Lower  Permian,  Texas)  ; Alexahy- 
men  n.g.  (Lower  Permian,  Czechoslovakia). 

Genus  Sylvohymen  Martynov 

Sylvohymen  Martynov,  1941:  10;  Carpenter,  1947:  31;  Carpenter,  1962: 
37;  Rohdendorf,  1962:  68. 

Type  species:  Sylvohymen  robustus  Martynov,  1938  (OD). 

This  genus  is  based  upon  a distal  part  of  a wing  from  the  same 
locality  (Tshekarda)  as  the  presently  described  specimen  of  Sibiricus, 
n.sp.,  which  is  much  more  fully  preserved.  Carpenter  (1946,  p.  31, 
fig.  7)  described  S.  ingens  from  the  Lower  Permian  of  Oklahoma, 
also  based  on  a distal  wing  third.  The  apical  parts  of  the  wing  in 
all  three  specimens  resemble  each  other  and  the  species  cannot  be 
separated  generically  as  far  as  is  presently  known.  Unfortunately, 
they  can  also  hardly  be  separated  from  Bardohymen  (this  statement 
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Plate  1 

Sylvohymen  sibiricus  n.sp.,  obverse.  The  arrows  point  to  the  bases  of  the 
projections  on  the  tergites.  Lower  Permian,  Siberia. 


is  based  on  literature  only)  and  further  study  of  the  original  mate- 
rial might  find  the  two  genera  synonymous. 

Martyonv’s  reconstruction  of  Sylvohymen  rohustsus  (1941)  show- 
ing MA  anastomosing  with  Rs  is  obviously  incorrect,  as  the  connec- 
tion of  MA  with  R or  Rs  by  means  of  a cross  vein  is  characteristic 
for  Bardohymenidae. 

Wings  long  and  slender,  tapered  rather  abruptly  in  the  basal  third  ; 
hind  wings  slightly  longer  than  fore  wings,  broader  at  about  mid- 
wing; Sc  recognizable  only  in  proximal  half  of  the  wing;  Rs  with 
3 main  branches  ; Ai  S-shaped;  posterior  margin  in  untapered  part  of 
wing  almost  parallel  to  the  anterior  margin. 

Body  structures:  Prothorax  with  transverse  elevations;  metathorax 
broader  than  mesothorax;  first  abdominal  segment  strongly  tapering; 
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ovipositor  in  females  stout,  covered  by  hairs;  projections  probably 
maximally  14  in  number  in  a row. 

As  shown  previously  by  Martynov  (1941)  and  Carpenter  (1947, 
p.  32),  Sylvohymen  is  closely  related  to  the  type  genus  Bardohymen. 
The  reconstruction  of  Bardohymen  magnipennifer  (G.  Zalessky  1937, 
p.  603,  fig.  1 ) is  obviously  incorrect  for  its  cubital  branches.  By  the 
structure  of  pterostigmal  area  the  genus  Sylvohymen  is  related  to 
Alexahymen  n.g.,  which  differs  in  having  a relatively  shorter  and 
broader  wing  with  concave  posterior  margin,  small  rs  area  and  Ai 
parallel  with  posterior  margin. 

Species  included:  Sylvohymen  robustus  Martynov,  1938  (Lower 
Permian,  Oklahoma)  ; Sylvohymen  sibiricus  n.sp.  (Lower  Permian, 
Tshekarda,  Siberia). 

Sylvohymen  sibiricus  n.sp.1 

Figure  1,  plates  1 and  2 

This  species  is  based  upon  an  obverse  and  reverse  of  a.  female  with 
two  complete  wings  and  damaged  lateral  part  of  body.  The  thorax 
and  the  abdomen  are  preserved  on  the  dorsal  side,  while  the  head  pre- 
sents a composite  of  dorsal  and  ventral  surface  showing  bases  of  stout 
palpi.  The  projections,  if  only  the  obverse  were  known,  give  the 
appearance  of  stout  tubercles.  In  the  reverse,  however,  they  con- 
tinue like  hollow  tubes  into  the  matrix. 

For  preparing  the  illustration,  both  obverse  and  reverse  parts  of 
the  specimen  were  used. 

Wings  slightly  subequal,  the  hind  pair  being  longer  and  broader  at 
about  mid  wing;  color  markings  missing;  fore  wing  length  50  mm, 
maximum  width  9.1  mm,  almost  equally  broad  except  for  the  tapered 
proximal  third;  anterior  margin  slightly  convex;  C bordering  the 
whole  wing;  apex  bent  backward  and  almost  pointed;  Ri  apically 
diverging  to  some  extent,  with  1-3  terminal  twigs;  Rs  with  3 simple 
long  branches;  Ai  S-shaped  with  a row  of  about  9 branches;  cross 
veins  about  18  in  number;  cross  vein  between  Ri  and  Rs  forming 
a heavy  bar,  thickened  at  its  costal  end;  hind  wing  length  51  mm, 
maximum  width  9.7  mm,  broadest  at  the  mid-wing;  hind  wing  nar- 
rowing proximally  less  abruptly ; anterior  margin  somewhat  straighter ; 
Ri  apically  less  diverged  away  from  the  anterior  margin,  with  only 
1 twig. 

This  remarkable  specimen  was  turned  over  to  me  for  study  by  the 
courtesy  of  Dr.  B.  B.  Rohdendorf,  the  head  of  the  Paleoentomological  De- 
partment of  the  Paleontological  Institute  of  the  Academy  of  Sciences  in 
Moscow,  for  which  I express  my  sincere  gratitude. 
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Plate  2 

Sylvokymen  sibiricus  n.sp.,  reverse.  The  veins  are  secondarily  colored  by 
manganese.  Arrows  point  to  hollow  continuations  of  projections  into  the 
matrix.  Lower  Permian,  Siberia. 
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Body  structures:  Length  of  head  1.8  mm,  width  about  3*6  mm; 
preserved  length  of  antennae  9 mm,  antennae  composed  of  numerous 
cylindrical  segments;  segments  of  maxillary  palpi  striated,  preserved 
segment  length  1.1  mm,  width  0.8  mm;  median  line  running  along 
the  whole  body;  prothorax  length  4 mm,  maximum  width  8 mm, 
provided  with  two  obliquely  oriented  longitudinal  elevations  and  one 
elevation  located  anteriorly  and  centrally;  mesothorax  length  4.1  mm, 
probable  width  8.8  mm;  metathorax  length  4.2  mm,  maximum  width 
probably  9.2  mm;  legs  covered  by  setae;  front  tibia  length  38  mm; 
hind  tibia  length  about  50  mm;  abdomen  length  14.5  mm,  maximum 
width  9.4  mm;  abdominal  segments  unequal,  length  of  segments  as 
follows:  1st  2 mm;  2nd  0.8  mm;  3rd  1.3  mm;  4th  1.7  mm;  5th  2 
mm;  6th  2 mm;  7th  0.5  mm;  8th  1 mm;  9th  1 mm;  10th  1.6  mm; 
nth  0.5  mm;  each  abdominal  segment  but  the  nth  has  a transverse 
flat  topped  ridge;  nth  segment  divided  by  a deep  incision  into  two 
lobes;  ovipositor  stout,  reaching  much  beyond  the  end  of  the  body, 
covered  by  dense  stiff  hairs  oriented  anteriorly. 

Projections:  Two  stout  projections  located  in  the  central  part  of 
each  body  segment  except  the  nth;  prothorax  with  an  additional  pair 
of  projections  anteriorly  and  with  about  8 projections  along  the  pos- 
terior margin;  mesothorax  with  a row  of  small  projections  parallel 
and  near  to  the  anterior  margin  and  with  double  row  of  stouter 
projections  on  the  posterior  margin;  metathorax  with  a series  of  stout 
projections  on  posterior  margin;  abdominal  segments  with,  a row  of 
stouter  projections  on  the  flat  topped  ridge  and  another  row  of 
smaller  projections  bordering  the  posterior  margin;  nth  segment 
with  only  the  posterior  row  of  minute  projections. 

Holotype:  No.  1700/394,  Paleoentomological  Department,  Paleon- 
tological Institute  of  the  Academy  of  Sciences  in  Moscow.  Collected 
in  Lower  Permian  deposits  of  Tshekarda,  Siberia. 

The  preservation  of  the  holotype  is  very  good,  particularly  be- 
cause the  veins  of  the  wings  have  been  secondarily  penetrated  and 
colored  by  manganese,  which  enters  also  the  minute  transverse  cracks. 
The  body  is  not  fully  flattened.  The  abdomen  especially  is  preserved 
in  its  original  convexity.  Some  of  the  bases  of  the  projections  are 
well  preserved  and  only  those  are  introduced  in  figure  1,  marked 
as  circles,  as  they  actually  appear.  The  projections  were  undoubtedly 
growing  out  from  the  tergites  in  regular  rows,  but  since  the  surface 
of  the  body  is  uneven,  they  cannot  be  distinguished  from  the  irregu- 
larities of  the  matrix.  The  actual  length  of  the  projections  could  not 
be  followed  as  they  continue  inside  the  reverse  of  the  fossil  under  an 
acute  angle  with  the  body.  Their  position,  however,  indicates  that 
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they  have  been  sclerotized.  In  analogy  to  the  closely  related  Protohy- 
menidae,  it  is  probable  that  the  projections  were  slightly  curved  and 
at  least  several  millimeters  long. 

Genus  Alexahymen,  new  genus 
Type  species:  Alexahymen  maruska  n.sp.,  Lower  Permian  of  Moravia. 

This  genus  includes  one  species,  represented  by  3 incomplete  wings. 

Wings  shorter  than  in  the  related  genus  Sylvohymen , broadest  be- 
hind the  midwing,  tapering  gradually  towards  the  base;  Sc  distinct 
to  about  two  thirds  of  the  wing  length;  Ri  diverging  apically  slightly 
from  the  anterior  margin;  Rs  with  two  short  branches;  Ai  parallel 
with  the  posterior  margin;  posterior  margin  slightly  concave. 

Alexahymen  differs  from  other  genera  of  the  family  Bardohy- 
menidae  in  its  relatively  short  and  broad,  gradually  tapering  wings, 
posterior  margin  concavely  shaped,  Ai  parallel  with  the  posterior 
margin  and  sending  off  a series  of  numerous  twigs,  and  small  rs  area. 

Species  included:  Alexahymen  maruska  n.sp.  (Lower  Permian, 
Obora,  Moravia). 


Alexahymen  maruska  n.sp. 

Figure  2,  3,  4 

Derivatio  nominis:  In  honor  of  Mrs.  Maruska  Alexova,  who  generously 

gave  support  and  encouragement  to  workers  at  the  Obora  locality  for 
ten  years. 

This  species  is  based  upon  the  holotype,  represented  by  a wing 
without  the  proximal  part,  and  by  two  additional,  isolated,  equally 
damaged  wings.  With  regard  to  the  close  similarity  between  the  fore 
and  hind  wings  in  Bardohymenidae,  the  position  of  wings  in  the  pair 
can  be  only  inferred.  However,  from  analogy  with  Sylvohymen  sibiri- 
cus}  the  only  bardohymenid  with  both  wings  in  situ , it  seems  that 
the  hind  wings  in  this  family  tended  to  have  a straighter  anterior 
margin  and  more  concave  posterior  margin.  Consequently,  the  holo- 
type (fig.  2)  and  specimen  2/1972  (fig.  3)  are  represented  probably 
by  the  hind  wing,  while  specimen  3/1972  (fig.  4)  is  more  likely  the 
fore  wing. 

Color  markings  missing;  total  wing  length  about  33-36  mm,  maxi- 
mum width  8. 7-9.9  mm;  anterior  margin  slightly  convex  in  the  distal 
part;  C bordering  the  wing;  apex  more  or  less  pointed;  Ri  with  4-5 
very  short  terminal  twigs;  Rs  branches  short;  Ai  sending  off  6 
branches;  cross  veins  15-16  in  number,  mostly  in  double  row. 

Material:  Holotype  No.  1/1972  (obverse  and  reverse  probably  of 
hind  wing)  ; specimen  No.  2/1972  (obverse  and  reverse  probably  of 
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Figure  2.  Alexahymen  maruska  n.sp. ; hind  wing:  length  30  mm,  width 
9 mm.  Holotype.  Lower  Permian  of  Czechoslovakia. 


Sc 


Figure  3.  Alexahymen  maruska  n.sp.;  hind  wing:  length  31.8  mm, 

width,  9.9  mm.  Specimen  2/1972.  Lower  Permian  of  Czechoslovakia. 


Sc 


Figure  4.  Alexahymen  maruska  n.sp.;  fore  wing:  length  23  mm,  width 
8.7  mm.  Specimen  3/1972.  Lower  Permian  of  Czechoslovakia. 
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hind  wing)  ; specimen  No.  3/1972  (obverse  and  reverse  probably  of 
fore  wing)  ; Paleontological  Institute  of  Charles  University,  Prague, 
Czechoslovakia.  Collected  in  the  Lower  Permian  deposits  near 
Obora,  Moravia. 

All  three  specimens  of  Alexahymen  maruska  carry  the  details  of 
venation,  described  by  Carpenter  (1962,  p.  38-39)  in  Actinohymen 
russeli , namely  flattened  C,  widening  distally  beyond  the  end  of  Sc; 
and  C,  Sc,  R~Ri  around  midwing  touching  each  other.  The  cross 
vein  rs-ri  forms  a heavy  bar  widened  at  its  costal  end  in  the  holotype 
and  specimen  3/1972.  In  the  specimen  2/1972  it  is  an  average, 
though  thick  cross  vein. 

The  posterior  margin  in  the  holotype  is  formed  in  a different  way, 
perhaps  as  individual  variation.  It  is  convexly  curved  in  between  the 
branches  of  Ai,  media  and  cubitus,  so  that  the  tips  of  the  branches 
protrude  not  unlike  the  fingertips  in  a bat  wing.  A similar  phenome- 
non is  indicated  in  Moravohymen  vitreus  n.sp.  of  the  related  family 
Moravohymenidae. 

Moravohymenidae,  new  family 
Type  genus:  Moravohymen  n.g. 

This  family  is  based  upon  a fragment  of  a single  wing  (probably 
hind  wing) , which  seems  to  combine  the  features  of  Bardohymenidae 
with  those  of  some  megasecopterid  families  of  Commentry,  France 
(Carpenter,  1951). 

Wings  broadest  at  the  beginning  of  the  apical  third,  tapering  grad- 
ually proximally;  Sc  remote  from  the  anterior  margin  and  terminating 
freely  in  the  subcostal  area  well  before  apex;  Ri  remote  from  Sc, 
not  diverging  apically  from  the  posterior  margin ; MA  connected  with 
R or  with  the  very  origin  of  Rs  by  a cross  vein;  stem  of  M either 
close  or  fused  with  R;  Ai  not  parallel  with  the  posterior  margin, 
sending  off  few  irregular  branches;  cross  veins  arranged  into  irregu- 
lar rows  and  partly  sigmoidal;  row  of  cross  veins  in  ri-rs  area;  veins 
and  wing  margin  provided  by  setae. 

The  family  Moravohymenidae  has  very  gradually  tapering  wings 
with  maximum  width  shifted  to  the  distal  third.  MA  is  connected 
with  R or  Rs  very  much  as  in  Bardohymenidae.  The  arrangement 
of  the  rest  of  the  veins  and  sigmoidal  cross  veins  reminds  one  more 
of  some  Upper  Carboniferous  Commentry  families  such  as  Mischop- 
teridae,  Sphecopteridae  and  Corydaloididae. 

Genus  included:  Moravohymen  n.g.  (Lower  Permian,  Czecho- 

slovakia) . 
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Figure  5.  Moravohymen  vitreus  n.sp. ; hind  wing:  length  21  mm,  width 
6.9  mm.  Holotype.  Lower  Permian  of  Czechoslovakia. 

Genus  Moravohymen  new  genus 
Type  species:  Moravohymen  vitreus  n.sp.,  Lower  Permian  of  Moravia, 
Wings  rather  small,  narrow  in  the  proximal  half,  broad  in  the 
distal  half;  C not  flattened;  Sc  rather  a thin  vein;  Ri  sending  off 
several  short  twigs  apically;  Rs  originating  shortly  behind  midwing; 
Rs  with  3 branches;  branches  of  M and  Cu  simple;  Ai  remote  from 
the  posterior  margin,  anal  branches  irregular  and  rather  long;  cross 
veins  arranged  by  two  or  three  in  the  posterior  part  of  the  wing. 

Species  included:  Moravohymen  vitreus  n.sp.  (Lower  Permian  of 
Obora,  Moravia). 


Moravohymen  vitreus  n.sp. 

Figure  5 

This  species  is  based  upon  an  obverse  and  reverse  of  a wing  with 
damaged  proximal  part.  According  to  the  concave  shape  of  the  pos- 
terior margin  it  might  be  a hind  wing. 

Wing  fragment:  length  21  mm,  maximum  width  6.9  mm;  C,  Sc 
and  Ri  distally  much  thinner  veins  than  in  Bardohymenidae ; the 
membrane  in  the  pterostigmal  region  probably  sclerotized;  Ri  send- 
ing off  3 terminal  twigs  to  C;  ri-rs  area  broad,  with  6 weak  cross 
veins;  Rs  branches  occupying  a considerably  large  area;  cross  vein 
connecting  MA  with  R at  the  origin  of  Rs  is  a heavy  bar,  thickened 
at  its  costal  end;  cross  veins  in  medial  area  and  cubital  area  slightly 
sigmoidal;  posterior  margin  with  small  convex  bends  in  between  the 
ends  of  median  and  cubital  branches. 

Holotype:  No.  4/1972  (obverse  and  reverse  probably  of  hind 
wing)  ; Paleontological  Institute  of  Charles  University,  Prague, 
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Figure  6.  Monsteropterum  moravicum  n.sp. ; C = coxa;  L — lacinia ; 
O — ovipositor;  Pr  — projections  provided  with  setae;  S — stylus; 
T = trochanter.  Original,  ventral  view.  Lower  Permian  of  Czechoslo- 
vakia. 
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Czechoslovakia.  Collected  in  the  Lower  Permian  deposits  near  Obora, 
Moravia. 

Order  Palaeodictyoptera 
Family  Homoiopteridae  Handlirsch 
Genus  Monsteropterum,  new  genus 
Type  species:  Monsteropterum  moravicum  n.sp.,  Lower  Permian  of  Mora- 

via. 

This  remarkable  fossil  with  fragmentary  wings  would  hardly  war- 
rant formal  description  because  the  classification  of  the  order  is  based 
upon  the  wing  venation.  However,  the  specimen  shows  the  inner 
structure  of  the  sucking  mouth  parts,  the  ventral  attachment  of  the 
legs  to  the  body,  the  branched  projections  of  terga  with  preserved 
surface  and  an  ovipositor  provided  by  styli.  Since  this  insect  is  of 
unusual  interest,  generic  and  specific  names  are  being  assigned. 

Though  the  wings  of  the  specimen  are  fragmentary,  there  is  no 
doubt  about  referring  them  to  the  family  Homoiopteridae,  according 
to  following  characteristic  features  (Kukalova  1969,  p.  440)  : stem 
of  main  veins  with  a bend  in  the  basal  third  of  the  wings;  CuA  and 
CuP  parallel  to  each  other;  numerous,  irregular  and  often  connected 
cross  veins.  Of  the  genera  included,  Bwltopruvostia  Strand,  1929  is 
probably  the  nearest  related  genus.  From  this,  Monsteropterum  dif- 
fers in  lacking  the  sclerotized  strip  and  tubercles,  strengthening  the 
costal  area  and  in  the  more  proximal  division  of  M.  The  new  genus 
is  the  first  Permian  representative  of  this  rather  primitive  family  and 
extends  its  occurrence  from  Upper  Namurian  to  Lower  Permian. 

Monsteropterum  moravicum  n.sp. 

Figures  6,  7,  8,  9,  10;  plate  3 

The  body  is  a composite  of  ventral  surface  and  inner  structures, 
which  were  uncovered  by  preparation  at  different  levels.  With  regard 
to  the  complexity  of  the  composite,  preservation  must  be  discussed 
next. 

The  body  was  preserved  while  lying  on  its  dorsal  side.  It  was 
much  decomposed  before  being  covered  by  sediment.  The  maxillary 
palpi  disintegrated  into  single  segments,  which  were  partly  displaced. 
The  legs  with  some  parts  of  the  sterna  were  shifted  towards  the  head. 
Valves  of  the  ovipositor  were  split  open.  Only  legs,  wings,  and  one 
segment  of  maxillary  palpi  show  the  natural  ventral  surface.  The 
beak  split  unevenly  along  the  median  plane,  showing  the  inner  side 
of  two  mandibular  stylets  and  a small  fragment  of  the  distal  end  of 
one  maxillary  stylet  (fig.  7-Ma).  Meso-  and  metathorax  expose  the 
inner  surface  of  the  terga.  The  abdomen  split  between  the  sternal 
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Plate  3 

Monsteropterum  moravicum  n.sp.  Ventral  side  of  the  body  showing  long 
beak,  attachment  of  legs  to  the  body  and  tergal  projections  (P).  Lower 
Permian,  Czechoslovakia. 

and  tergal  elements  and  is  vaguely  preserved.  It  was  partly  removed 
to  uncover  the  projections. 

Head  structures:  The  character  of  the  palaeodictyopteran  mouth- 
parts,  which  are  elongated  into  a beak  consisting  of  stylets  of  man- 
dibles and  maxillae,  have  been  described  in  more  detail  by  Crampton 
(1927)  and  by  Laurentiaux  (1952,  1953).  However,  there  was  no 
evidence  about  the  arrangement  of  the  stylets.  Only  recently  Car- 
penter and  Richardson  (1971,  p.  280)  described  a section  of  the 
beak  in  a strikingly  unusually  preserved  specimen.  The  pair  of  some- 

Figure  7.  Enlarged  beak  of  Monsteropterum  moravicum  n.sp.,  ventral 
view.  The  beak  split  unevenly  along  median  plane  between  two  pairs  of 
stylets.  A-B  = section  of  the  beak  figured  on  the  block  diagram  in  fig. 
8;  E — oval  elevation;  L = lacinia;  Ma  — fragment  of  the  maxillary 
stylet  represented  by  the  apical  part  of  galea ; Md  = natural  inner  surface 
of  mandibular  stylet  where  it  contacts  maxillary  stylet;  P = crescent- 
shaped pit.  Lower  Permian  of  Czechoslovakia. 
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what  larger  mandibles  is  located  anteriorly  from  the  maxillae  and 
there  is  the  fifth  stylet,  probably  derived  from  the  hypopharynx,  be- 
tween the  maxillae  and  slightly  more  posterior. 

The  arrangement  of  the  stylets  in  Monster  opt  erum  moravicum 
fully  confirms  the  conclusion  of  Carpenter  and  Richardson.  The  pair 
of  mandibles  is  superimposed,  and  slightly  longer  than  the  pair  of 
maxillae.  The  mandibular  stylets  in  all  probability  partly  overlap 
each  other  along  the  inner  margin,  because  the  undisturbed  width  of 
the  left  mandibular  stylet  (fig.  7-Md)  extends  much  beyond  the  ideal 
median  line.  The  same  madibular  stylet  probably  exposes  in  this  part 
(fig.  7-Md)  its  natural  inner  surface  where  it  contacts  the  maxillary 
stylets.  It  is  provided  by  alternating  ridges  and  grooves  (fig.  8-R,  G) 
probably  enabling  firmer  connection  in  between  stylets  and  strengthen- 
ing the  long  stylets. 

The  rest  of  the  beak  (more  proximal  and  right  part  in  fig.  7) 
shows  the  inside  surface  of  the  cavity  in  the  mandibular  stylets.  It 
seems  certain  that  the  mandibles  were  hollow,  as  in  Recent  dragon- 
flies (P.  S.  Corbet,  in  litt.).  The  mandibles  of  other  extant  insects 
are  mostly  solid  except  for  occasional  cavities  and  canals  containing 
nerves  for  sensillae  and  haemolymph.  The  hollow  nature  of  the 
elongated  mandibles  of  the  Palaeodictyoptera  may  be  explained  as  a 
means  of  reducing  the  mass  of  the  head.  This  assumption  seems  an 
acceptable  solution  for  the  mechanical  problems  of  flight  engendered 
by  the  considerable  weight  of  the  head  when  compared  to  the  rest  of 
the  body. 

In  the  cavity  inside  the  mandibular  stylets,  there  are  5 rows  of 
deep  crescent-shaped  pits  (fig.  7-P;  8-P)  and  oval  elevations  (fig.  7-E; 
8-E).  They  form  continuous  rows  and  seem  to  belong  to  a single 
structural  unit,  which  is  a series  of  short,  peg-shaped,  perpendicu- 
larly oriented  pillars,  supporting  the  long  hollow  mandibular  stylets 
from  inside.  This  assumption  is  based  mainly  on  the  fact  that  the 
second  row  of  crescent-shaped  pits  (fig.  7-P)  passes  distinctly  under 
the  layer  Md  (fig.  7),  which  is  the  natural  surface  of  the  mandible 
in  contact  with  the  maxillary  stylet.  On  the  Md  layer  the  pit  row 
continues  in  the  form  of  oval  elevations  (fig.  7-E). 

The  left  maxillary  stylet  is  completely  missing;  the  right  is  pre- 
served only  by  the  fragment  of  distal  end  (fig.  7-Ma).  However, 
it  provides  information  on  the  morphology  of  the  mouthparts  in 
Palaeodictyoptera:  the  maxillary  stylets  were  located  under  the  man- 
dibular stylets  (in  fig.  7 reversed  because  of  the  ventral  view  of  the 
beak)  ; they  were  distinctly  shorter  than  the  mandibles;  they  were 
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Figure  8.  Blockdiagram  representing  section  of  the  beak  between  A 
and  B (see  fig.  7),  in  ventral  view.  Left  part  (Md,  indicated  by  bracket) 
is  probably  the  natural  inner  surface  of  the  mandibular  stylet  where  it 
contacts  maxillary  stylet.  Right  part  is  a composite  of  several  inner  sur- 
faces of  the  hollow  mandible.  Oval  elevations  (E)  and  crescent-shaped 
pits  (P)  are  probably  opposite  ends  of  short  perpendicular  pillars,  which 
crossed  the  mandibular  cavity  and  supported  it  from  inside.  Original. 
Lower  Permian  of  Czechoslovakia. 

divided  into  more  robust  galea  and  thin,  protruding  lacina  (fig.  7-L)  ; 
the  lacinia  is  located  at  the  inner  margin  and  underneath  the  galea; 
the  lacinia  extends  beyond  the  beak  and  has  two  inward  curved  apical 
lobes;  the  external  surface  of  the  maxillae  carried  fine  ridges.2 

Because  the  beak  is  split  along  the  median  plane,  it  presents  an 
uniquely  favorable  occasion  to  study  the  inner  structure.  However, 
it  gives  little  reliable  information  about  the  character  of  the  food 
canals.  The  transverse  section  of  the  beak  (fig.  8)  is  actually  a com- 
posite of  several  inner  surfaces  of  the  mandibles,  all  of  them  carrying 
alternating  grooves  and  ridges,  and  is  slightly  distorted  by  an  oblique 
pressure.  Because  of  the  uneven  level  of  splitting  and  slight  deforma- 
tion during  fossilization,  the  food  canals  are  not  clearly  distinguish- 
able. 

The  maxillary  palpi  are  robust  and  overlap  with  the  beak  (fig.  6). 
All  segments  carry  a flat-topped  longitudinal  ridge.  The  surface  is 
covered  with  a fine  rugosity  and  with  occasional  irregular  grooves. 

The  more  perfect  preservation  of  the  beak  in  Monsteropterum  moravi- 
cum  brings  an  explanation  of  the  “protruding  needle-like  tips”  in  the  beak 
of  Mecynostoma  dohrni  (Palaeodictyoptera,  Mecynostomatidae,  Kukalova 
1969,  p.  210,  fig.  28).  The  protruding  structures  are  undoubtedly  also 
laciniae  extending  beyond  the  superimposed  pair  of  mandibles. 
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Figure  9.  Monsteropterum  moravicum  n.sp.  Enlarged  ovipositor  with 
striations,  scattered  setae  and  stylus  (S),  resembling  the  endophytic  ovi- 
positor of  Odonata.  Lower  Permian  of  Czechoslovakia. 

The  legs  expose  their  natural  ventral  surface.  The  coxae  are  short 
and  conically  truncate  (fig.  6-C;  fig.  io-'C).  Proximally  are  ad- 
joined two  additional  circular  structures,  which  perhaps  represent  the 
katapleuran  ring  separated  by  a sigmoidal  paracostal  suture  from  the 
anapleuran  ring  (fig.  10-K,  S,  A).  The  trochanter  (fig.  6-T ; fig.  10- 
T)  is  grown  together  with  the  femur  and  is  preserved  only  as  a 
triangular  swelling.  The  tibia  is  slightly  longer  than  the  femur.  The 
tarsus  is  five-segmented,  with  the  3rd  and  4th  segments  distinctly 
shorter  than  the  remaining  ones.  The  praetarsus  bears  a pair  of  lat- 
eral claws.  The  legs  are  covered  by  scattered  setae  and  a granular 
rugosity. 

The  mesothorax  and  metathorax  are  about  equal  in  size,  with  a 
broad  V-shaped  ridge. 

The  ovipositor  has  striations  (fig.  9)  similar  to  those  in  some  other 
Palaeodictyoptera  (Kukalova  in  Carpenter,  1971,  p.  1241,  fig.  6) 
and  in  the  related  order  Diaphanopterodea  (Kukalova  1961,  p.  293, 
fig.  2).  The  ovipositor  carries  scattered,  proximally  oriented,  setae. 
With  this  specimen  styli  are  recognized  for  the  first  time  for  the 
order  Palaeodictyoptera.  Within  the  extant  insects,  styli  on  female 
genitalia  are  known  in  the  adult  stage  only  in  one  order,  the  Odo- 
nata, in  which  they  arise  from  the  second  coxopodite.  Also,  the  gen- 
eral appearance  of  the  ovipositor  is  very  much  like  the  endophytic 
ovipositors  of  some  Odonata. 

The  projections  (fig.  6-P)  are  long  and  very  branched,  apparently 
much  more  than  preserved  in  the  fossil.  They  have  scattered  setae 
and  their  surface  is  finely  rugose.  The  sockets  of  the  setae  are  deeply 
incised  and  their  density  is  about  equal  to  that  on  the  legs.  The  setae 
increase  in  number  towards  the  ends  of  the  branches.  The  projections 
are  stiffly  backwardly  curved  and  were  undoubtedly  sclerotized. 

Previously,  I have  been  able  to  study  projections  in  four  families 
of  the  order  Megasecoptera.  In  all  the  projections  were  simple,  un- 
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Figure  10.  Monster opterum  mora.'vicum  n.sp.  Enlarged  proximal  parts 
of  left  front  leg  and  left  middle  leg.  A = anapleuran  ring;  C = coxa; 
f = front  leg;  K = katapleuran  ring;  m — middle  leg;  S = sigmoidal 
paracostal  suture;  T = trochanter.  Original,  ventral  view.  Lower  Per- 
mian of  Czechoslovakia. 


branched  outgrowth  of  the  terga.  The  specimen  here  described  is 
the  first  example  with  projections  in  the  order  Palaeodictyoptera  and 
at  the  same  time  the  first  one  to  show  branching.  Additional  examples 
should  be  expected  within  Palaeodictyoptera,  even  though  their  oc- 
currence probably  was  not  as  common  as  in  the  Megasecoptera. 

Dimensions:  Beak  length  20  mm,  width  at  the  middle  2 mm,* 
lacinia  length  1 mm;  complete  segment  of  maxillary  palpus  length 
8 mm;  legs  I.  pair:  coxa  length  2.8  mm,  femur  length  10.2  mm, 
tibia  length  12.2  mm,  tarsus  length  8.2  mm,  praetarsus  length  2.6 
mm;  II.  pair:  coxa  length  2.4  mm,  femur  length  12  mm;  mesothorax 
length  4.8  mm,  width  14.6  mm;  metathorax  length  4.8  mm,  width 
14.6  mm;  abdomen  total  length  about  38  mm;  fragment  of  ovipositor 
length  9.7  mm;  longest  fragment  of  abdominal  projection  length 
16  mm;  maximum  width  0.8  mm. 
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Original:  No.  5/1972  (obverse  and  reverse  of  the  body  and  basal 
parts  of  wings;  separately  reverse  of  the  right  front  leg)  ; Paleonto- 
logical Institute  of  Charles  University,  Prague,  Czechoslovakia.  Col- 
lected in  the  Lower  Permian  deposits  near  Obora,  Moravia. 

Summary 

Megasecoptera  and  Palaeodictyptera,  two  of  the  three  extinct 
paleopterous  haustellate  insect  orders  related  to  extant  Ephemeroptera 
and  Odonata,  were  found  to  carry  fringe-like  projections  on  the 
thorax  and  abdomen.  Both  orders  include  mostly  large  to  very  large 
insects  with  good  flying  ability,  which  held  the  wings  outstretched 
when  resting.  The  nymphs  were  terrestrial,  probably  arboreal,  and 
had  articulated  wing  pads  which  were  oriented  obliquely  backwards 
(Carpenter  and  Richardson,  1968). 

The  projections  are  hollow  outgrowth  of  the  terga,  forming  usually 
regular  rows  along  the  posterior  margin  or  occasionally  also  on  the 
nota.  They  are  more  or  less  sclerotized,  protruding  up  and  back- 
wards from  the  body.  The  surface  is  rugose  and  with  scattered  tac- 
tile setae.  The  projections  are  simple  or  richly  branched  and  vary 
from  short  to  very  long.  They  occur  in  both  adults  and  nymphs. 
As  far  is  known,  their  morphology  is  characteristic  for  separate  fam- 
ilies. 

Now,  the  projections  are  known  in  Mischopteridae,  Aspidothora- 
cidae,  Corydaloididae,  Brodiidae,  Protohymenidae  and  Bardohy- 
menidae  in  the  order  Megasecoptera  and  in  Homoiopteridae  in  the 
order  Palaeodictyoptera.  In  their  location,  they  are  homologous  with 
the  dentation  on  the  transverse  abdominal  carinae,  present  in  all  ex- 
tant Odonata  and  with  paired  pits  on  abdominal  terga  in  nymphs 
of  Gomphidae. 

Since  the  projections  are  obviously  a unique  and  isolated  character, 
their  function  in  two  extinct  Paleozoic  orders  is  obscure.  From  the 
morphology  it  might  be  assumed  that  they  were  at  least  to  some  ex- 
tent movable  and  were  provided  with  mechanical  sense  organs. 

The  following  additional  characters  have  been  added  to  the  knowl- 
edge of  Palaeodictyoptera: 

The  beak  consists  of  stylets  of  mandibles  and  maxillae,  the  pair 
of  mandibles  being  longer  and  superimposed.  Each  maxilla  is  divided 
into  a robust  galea  and  thin  lacinia,  located  at  the  inner  margin  and 
underneath  the  galea.  The  lacinia  has  two,  inwardly  curving  apical 
lobes  and  extends  beyond  the  beak.  Mandibular  stylets  partly  overlap 
each  other  along  the  inner  margin.  On  contact  with  the  maxillae, 
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they  have  alternating  ridges  and  grooves,  enabling  firmer  connection. 
The  mandibular  stylets  are  hollow  and  the  cavity  is  crossed  by  rows 
of  perpendicularly  oriented  pillars,  providing  additional  mechanical 
support. 

The  legs  have  short,  conically  truncate  coxae.  Proximally,  on  the 
ventral  side,  there  are  two  circular  structures,  which  perhaps  rep- 
resent the  katapleuran  ring  separated  by  a sigmoidal  paracostal  su- 
ture from  the  anapleuran  ring.  The  trochanter  is  triangular,  grown 
together  with  the  femur  as  in  Odonata. 

The  ovipositor  is  provided  by  styli  as  in  extant  Odonata. 
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A SOUTHERN  CALIFORNIAN  BOREUS , 

B.  NOTOPERATES  N.  SP. 

I.  COMPARATIVE  MORPHOLOGY  AND 
SYSTEMATICS  (MECOPTERA:  BOREIDAE)* 

By  Kenneth  W.  Cooper 
University  of  California,  Riverside 

Introduction 

All  but  one  of  the  26  or  so  of  the  species  of  Boreus  now  known 
from  Eurasia  and  North  America  (listed  in  Svensson  1972)  are 
found  chiefly  within  the  bounds  of  north  temperate  or  boreal  forests 
where  winters  are  cold.  The  northern  margin  of  their  distribution 
is  roughly  the  0°C  mean  annual  isotherm,  in  marked  contrast  to  the 
more  gentle  climatic  requirements  of  the  vast  majority  of  Mecoptera. 
Though  distributional  limits  are  now  probably  poorly  known,  the 
southmost  regions  from  which  Boreus  have  been  reported  have  mean 
annual  temperatures  generally  less  than  I2.8°C  (55°F),  and  in  all 
cases  there  is  a winter  period  of  snow  cover.  Because  the  adults  are 
charming  insects,  bizarre  and  easily  recognized  but  seen  alive  by  but 
few,  and  are  most  often  collected  on  the  surface  of  snow,  active  and 
mating  at  temperatures  below  freezing,  it  is  not  surprising  that  a 
fairly  large,  markedly  anecdotal  literature  has  developed  about  them. 
Despite  frequent  notes  and  longer  narratives  (nowhere  fully  re- 
viewed), there  are  few  extensive  accounts  of  their  biology.  Indeed 
Strubing’s  (1950)  admirable  study  of  Boreus  hyemalis  (L.)  is  the 
only  substantial  account  available  of  the  life  history  of  a boreid. 

My  own  experience  with  Boreus  extends  over  many  years.  As 
others  before  me,  I have  always  associated  Boreus  with  cold,  snow, 
fairly  high  annual  precipitation  (20  inches  or  more),  and  north  tem- 
perate forest.  It  was  with  near  disbelief  that  I found  two  female 
pupae  of  Boreus , on  a very  hot,  dry  autumn  afternoon  in  an  Upper 
Sonoran  region  of  chaparral  and  yellow  pine,  in  arid  southern  Cali- 
fornia. Not  unexpectedly,  this  most  southern  of  all  Boreus  proves  to 
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be  new,  and  in  a surprising  number  of  ways  it  is  the  most  special- 
ized of  all  Boreus . In  this  account  I describe  Boreus  notoperates 
n.  sp.,  discuss  its  taxonomic  relationships  and  specializations,  offer 
reasons  for  disregarding  Euboreus  Lestage  into  which  the  new  spe- 
cies would  otherwise  fall,  and  record  the  latitudinal  dispersion  of 
Boreus  in  the  Holarctic.  An  account  of  the  environment  and  discus- 
sion of  host  and  habitat  mosses,  as  well  as  other  biological  notes,  will 
be  the  subjects  of  a second  article. 

Description 

Boreus  notoperates  Cooper,  n.sp. 

Diagnosis 

Boreu$  notoperates  n.  sp.  (figs.  1-2)  may  be  separated  from  all 
other  Boreus  now  known  by  the  following  combination  of  characters: 
male  and  female  dark,  with  light  wings;  antennae  19-segmented, 
frons  foveolate,  no  median  ocellus,  occipital  foramen  not  divided  by 
a sclerotized  corporatentorium,  hypostomal  bridge  very  long;  prono- 
tum  with  3 transverse  folds;  male:  2.7  mm  long;  forewing  not 
spined  on  anterior  margin;  hindwing  spined  on  posterior  margin, 
without  ventral  brush;  without  tergal  apophyses,  9th  tergum  with 
a glabrous,  undivided,  parallel-sided  notch  for  styli ; hypandrium 
emarginate;  internal,  submedian  tooth  of  style  simple,  acute;  female: 
3.9  mm  long;  ovipositor  short,  cerci  separated  at  tip,  10th  tergum 
prolonged  as  a spined,  upturned  blade  on  each  side  of  cerci;  gona- 
pophyses  strongly  spined  laterally  and  ventrally. 

Description 

Coloration.  Eyes  plum-colored  to  brownish  black;  head,  nota, 
procoxae  and  abdomen  shining  black  with  a bronze  or  greenish  glint. 
Rostrum  on  sides,  apically,  and  below,  dark  reddish  brown.  Flanks 
of  thorax,  meso-  and  metacoxae  piceous  or  black,  yet  appearing  ashen 
due  to  fine  pubescence.  Antennae  and  palps  nearly  black.  Legs  yel- 
lowish-brown to  piceous,  tarsi  darker  apically.  Modified  wings  light 
brownish-yellow  (sooty  brown  in  one  male)  to  yellow,  those  of  male 
piceous  apically,  of  female  piceous  at  basal  attachment.  Gonocoxites 
and  styli  black,  tips  of  styli  flavescent.  Ovipositor  black;  cerci  black, 
flavescent  or  pallid  laterally  near  tips. 

Pubescence.  Of  male,  gray,  except  bristles  which  are  yellow  to 
brown;  moderately  sparse  on  abdomen,  as  long  or  longer  than  basal 
width  of  metatarsus;  denser  and  a third  or  less  as  long  on  thoracic 
pleura.  Occiput  glabrous,  vertex  and  frons  with  sparse  hairs  as  long 
as  width  of  scape;  on  each  side  a triangular  patch  of  fine  silvery 
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Figs.  1-7.  Borcus  notoperates  n.  sp.  All  specimens  in  fluid,  under  mod- 
erate pressure  from  above;  camera  lucida  representations.  — Fig.  1.  Male, 
aedeagus  everted.  — Fig.  2.  Female.  — Fig.  3.  Epandrium  and  proctiger, 
dorsal  aspect.  — Fig.  4.  Gonocoxites,  dististyles  and  elongated  median 
plaque  that  overlies  aedeagus,  dorsal  aspect.  — Fig.  5.  Hypandrium,  dotted 
line  across  notch  denotes  limit  of  hyaline  membrane  present  in  teneral  male, 
ventral  aspect,  apex  above.  — Fig.  6.  Ninth  and  succeeding  terga  of  ovi- 
positor, dorsal  aspect.  — Fig.  7.  Gonapophyses,  ventral  aspect,  apex  below. 
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pubescence  in  a depression  running  from  ocellus  to  margin  of  antennal 
condyle;  patch  of  5-10  hairs  at  clypeal  base,  but  no  rostral  subocular 
patch,  only  scattered  hairs ; few,  fine  hairs  on  stipes.  Forewings  with 
coarse,  scattered,  yellowish  hairs.  Long  white  hairs  on  anterior  and 
posterior  faces  of  pro-  and  meso-coxa,  and  anterior  face  of  metacoxa. 
Abdominal  pubescence  somewhat  longer,  denser  ventrally  and  to- 
ward sides;  tergum  1 glabrous  medially,  as  are  t4  to  t7  medially  and, 
increasingly  so,  laterally. 

Of  female : much  as  in  male,  except  pubescence  appears  yellowish, 
and  everywhere  somewhat  shorter  ; patch  at  base  of  clypeus  may  be 
absent;  but  few  long  hairs  on  posterior  surfaces  of  pro-  and  meso- 
coxae.  Abdominal  pubescence  denser,  posterior  margins  of  terga 
polished,  nearly  glabrous,  as  are  most  of  terga  8 and  9. 

Head.  Rostrum  (from  lower  margin  of  eye  to  apex)  ca.  2.1 
times  length  of  eye  in  male,  2.6  times  in  female;  longer  than  pro- 
tibia in  female,  slightly  shorter  in  male.  Eye  slightly  longer  than 
broad,  narrowed  below.  Antenna  with  19  segments,  condyle  oppo- 
site lower  margin  of  eye;  scape  much  wider  than  long,  pedicel  swol- 
len in  apical  third  and  shorter  (by  one-fifth)  than  the  combined 
lengths  of  segments  3 and  4.  Ocelli  small,  median  ocellus  lacking. 
Frons  and  sides  of  vertex  coarsely  foveolate.  Occipital  foramen 
single,  not  divided  to  an  alaforamen  and  neuroforamen  by  a sclero- 
tized  corporatentorium.  Hypostomal  bridge  (between  occipital  fora- 
men and  cardo)  very  long,  longer  than  length  of  eye  in  female, 
somewhat  less  in  male. 

Thorax.  Of  male:  pronotum  polished,  with  occasional  transverse 
wrinkles;  strong  anterior  and  posterior  transverse  grooves  divide  the 
pronotum  into  anterior,  median  and  posterior  transverse  folds  of 
widths  roughly  as  2 : 3 : 1 ; on  each  side : two  or  three  long  ( and 
several  shorter)  bristles  on  anterior  lobe,  three  or  more  shorter 
bristles  on  median  fold,  and  two  to  four  long  bristles  set  in  trans- 
verse, more  or  less  confluent  depressions  along  hind  margin  of  pos- 
terior fold  in  front  of  wing  base.  Outer  margin  of  forewing  nearly 
straight  in  dorsal  aspect,  inner  margin  slightly  concave  behind  basal 
third;  hind  margin  with  ca.  15  (range:  13-18)  strong  marginal 
spines  below  which  are  directed  obliquely  outwards;  only  vestiges  of 
spines  on  front  margin;  hooked  apex  terminates  in  a pair  of  strong 
apical  bristles.  Hind  wing  shorter,  glabrous,  with  ca.  16  (range  13- 
20)  stout  spines  below,  no  ventral  brush  of  fine  pubescence;  apex 
hooked,  spatulate  at  tip.  A dark  spine  at  apex  above  each  femoral 
anterior  condyle. 
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Of  female:  pronotum  similar,  but  widths  of  pronotal  folds  rough- 
ly 3 : 4 : i ; bristles  of  posterior  fold  in  shallow  depressions.  Fore- 
wing pad  nearly  twice  as  long  as  broad,  without  marginal  spines, 
completely  covering  atrophied  hindwing.  Femoral  spines  as  in  male. 

Genital  Segments.  Of  male  (figs.  3-5)  : eighth  tergum  and  ster- 
num, and  gt  and  9s  not  fused  at  their  respective  pleural  junctions; 
ninth  tergum  deeply  infolded  for  reception  of  styles,  the  notch-like 
pocket  with  nearly  parallel  sides,  glabrous  within  and  not  divided; 
a loose  cluster  of  short  spines  (12-15=+=)  externally  on  each  lateral 
border  of  notch.  Dististyles  with  a row  of  15=+=  short  spines  along 
apical  one-third  of  inner  margin;  submedian  internal  tooth  acute, 
not  keel-like,  relatively  short;  a membranous  element  lies  within  an 
ovate  fenestra  (or  stylocavernula) , broadest  basally,  on  inner  sur- 
face of  each  dististyle  just  distal  to  the  submedian  tooth.  Hypan- 
drium  broad,  strongly  emarginate  apically  (emargination  may  be 
partially  closed  by  a hyaline  membrane  which  is  lost  or  worn  away 
in  older  individuals). 

Of  female  (figs.  6-7)  : ovipositor  short,  from  base  of  tergum  10 
to  apices  of  cerci  about  two- thirds  length  of  rostrum  (from  lower 
margin  of  eye  to  tip).  Tenth  tergum  prolonged  on  each  side  as  a 
pair  of  upwardly  curved  divergent  blades  bearing  4-6  strong  spines 
above,  tips  of  blades  reach  distal  third  of  cerci ; cerci  separated  apical- 
ly ; gonapophyses  strongly  spined  laterally  in  apical  halves. 

Reproductive  System.  Of  male  (fig.  8)  : each  testis  consists  of 
four  lobes  or  “sperm  tubes”,  each  ensheathed  in  a rich  russet-brown 
tunic,  right  testis  slightly  anterior  to  left,  the  apices  of  the  two  testes 
reaching  only  slightly  cephalad  of  swollen  main  portion  of  vas  de- 
ferens (that  is,  the  “accessory  gland”)  ; calyx  and  efferent  vas  of 
each  testis  short,  thick;  vas  deferens  tapering  markedly  to  juncture 
of  accessory  gland ; accessory  gland  with  4 lobes,  externally  poorly 
delimited;  lateral  ejaculatory  ducts  barely  demarcated;  median  ejacu- 
latory duct  strong,  very  muscular,  U-shaped;  fleshy  aedeagus  trilobed 
when  everted.  Spermatozoan  (fig.  8)  87-96  fi  long:  head  22-26  fi 
long;  tail  with  an  “undulatory  membrane”. 

Of  female  (fig.  9)  : Six  ovarioles  per  ovary,  each  ovariole  with 
7-1 1 panoistic  egg  chambers  conjoined  apically  to  ovarian  ligament 
which  unites  with  that  of  other  ovary;  ovariolar  pedicels  irregularly 
conjoined  to  common  ducts  which  merge  to  form  a calyx;  lateral 
oviducts  short;  common  oviduct  nearly  as  long  as  an  ovary;  sperma- 
theca  reniform,  enclosing  24  sperm  receptacles,  12  per  side;  sperma- 
thecal  duct  very  short  (less  than  short  axis  of  spermatheca)  arising 
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from  hilus  of  spermatheca,  entering  common  oviduct  at  its  caudal 
third;  a pair  of  elongated,  tubular  accessory  glands  join  oviduct  by 
a very  short  common  duct  immediately  posterior  to  entrance  of 
spermathecal  duct.  Mature  egg  (fig.  9)  buffy-white,  from  0.53  X 
31  mm  to  0.60  X 30  mm,  slightly  narrowed  at  one  end;  chorion 
smooth. 

Measurements  (in  millimeters;  in  each  case  ordered  thus:  mean 
of  measurements,  [range  of  measurements],  number  of  examples 
measured.):  Males,  body  length  (in  70%  isopropyl  alcohol)  — 2.7 
[2.6-2.9]  5;  body  length  (dry)  — 1.9  [1.5-2. 5]  9;  antennal  length 
— 1.66  [1.4-1.9]  13;  rostral  length  (eye  to  tip) — 0.7  [0.6-0.8] 
13  ; forewing  length — 1.0  [0.9- 1.1]  13. 

Females,  body  length  (in  alcohol)  — 3.9  [34-4.2]  6;  body  length 
(dry) — 3.0  [2. 7-3. 6]  5;  antennal  length  — 1.7  [1.5-1.9]  10;  ros- 
tral length  — 0.9  [0.8-1.0]  10;  forewing  length  — 0.3  [0.27-0.34] 
10;  ovipositor  length  (base  of  tergum  10  to  tip)  — 0.6  [0.56-0.64] 
10. 

Holotype.  Male:  2.5  cm  long  (dry  mount),  collected  8 January 
1972;  Allotype,  Female:  3.6  mm  long  (dry),  collected  27  Decem- 
ber 1970;  15  male  and  12  female  paratypes,  collected  31  December 
1971  to  22  January  1972.  All  specimens  from  Coldwater  Canyon, 
ca  4400  ft  altitude,  below  the  town  of  Mountain  Center  (at  330 
42'  N/  1 1 6°  44'  W),  Mt.  San  Jacinto,  Riverside  Co.,  California; 
collected  by  Geoffrey,  Tera,  Ruth  and  K.  W.  Cooper. 

Types  and  2 paratypes  are  deposited  in  the  Museum  of  Compara- 
tive Zoology  at  Harvard  University  where  types  of  the  majority  of 
North  American  species  are  located.  A pair  of  paratypes  has  been 
placed  in  each  of  the  following  collections:  U.  S.  National  Mu- 
seum, California  Academy  of  Sciences,  Snow  Entomological  Museum 
(University  of  Kansas),  and  the  University  of  California  at  River- 
side. Dissections  and  remaining  specimens  are  in  my  collection. 

Figs.  8-11.  Boreus,  reproductive  system.  All  figures  in  dorsal  aspect; 
camera  lucida  representations.  — Fig.  8.  Male,  B.  notoperates  n.  sp.,  4 
lobes  per  testis ; right  testis  lies  anterior  to  left,  tilt  conceals  2 of  the  4 
lobes;  to  right,  mature  spermatozoan.  — Fig.  9.  Female,  B.  notoperates , 6 
ovarioles  per  ovary;  to  left , spermathecal  vesicles  and  connections  to  as- 
sembly-duct; to  right,  mature  (laid)  egg  — the  chorion  is  smooth.  — Fig. 
10.  Male,  B.  nivoriundus  Fitch,  1 lobe  per  testis,  right  testis  anterior  to 
left;  above,  testes  from  right  side  — note  that  a short  efferent  duct  from 
each  testis  enters  a common  (fused)  calyx;  testes  are  mottled  with  an 
orange-brown  pigmentation.  — * Fig.  11.  Female,  B.  nivoriundus,  7 to  10 
ovarioles  per  ovary;  there  are  8 ovarioles  in  the  figured  right  ovary;  to 
right,  mature  (laid)  egg — the  chorion  is  microscopically  vermiculate. 
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Etymology.  The  name  notoperates  derives  from  the  Greek:  notos, 
masc.,  south,  and  perates , masc.,  wanderer,  alluding  to  the  remark- 
able extension  by  this  species  of  the  range  of  Boreus  to  the  south. 

Relationships 

Males  of  Boreus  notoperates  will  classify  as  B.  isolatus  Carpenter 
when  Carpenter’s  keys  (1935,  1936)  for  North  American  Boreus 
are  used.  However,  they  strikingly  differ  from  that  species  by  their 
considerably  longer  rostrum  (ca  2.1  X eye-length;  “scarcely  longer 
than  the  eye”  in  B.  isolatus).  Females  of  the  new  species  will  be 
excluded  at  couplet  7 (revised  key,  Carpenter  1936)  because  the 
ovipositor  of  B.  notoperates  is  but  two-thirds  the  length  of  the  ros- 
trum. 

The  only  known  North  American  form  with  which  B.  notoper- 
ates might  be  confused  is  the  closely  related  B.  brevicaudus  Byers 
(1961).  These  two  are  markedly  alike  by  having  a reduced  number 
of  antennal  segments  (most  Boreus  have  21  or  more),  condyles  of 
antennae  opposite  lower  margins  of  eyes,  no  median  ocellus,  a long 
hypostomal  bridge,  no  epandrial  “hood”,  and  the  10th  tergum  of 
the  female  is  abruptly  narrowed  on  each  side  to  form  a pair  of 
spined  terminal  blades.  However  they  are  readily  distinguished  in 
both  sexes,  for  B.  notoperates  has  19-segmented  antennae  (18  in  B. 
brevicaudus ),  the  frons  more  conspicuously  foveate,  a more  heavily 
and  richly  spined  area  to  each  side  of  the  epandrial  notch,  a very 
much  shorter,  inconspicuous  submedian  tooth  of  the  dististyle,  an 
emarginate  hypandrium  (entire  in  B.  brevicaudus ),  a relatively 
longer  forewing  in  the  female  (L/W  = 1,7  X ; 1.3  X in  5. 
brevicaudus ) which  lacks  subapical  spines,  a relatively  longer  ovi- 
positer  (0.67  X rostrum  versus  0.5  X ) with  more  coarsely  and 
extensively  spined  gonapophyses  and  apical  blades,  and  the  apical 
blades  are  divergent.  Though  color  differences  are  often  of  little 
weight,  the  males  of  these  two  species  have  the  color  patterns  of 
their  genital  segments  and  dististyles  reversed ; what  is  dark  in  the 
one  is  light  in  the  other,  possibly  continuing  a distinction  important 
at  a time  that  their  progenitors  were  sympatric. 

At  least  four  of  the  twelve  recognized  Eurasiatic  forms  share  with 
B.  notoperates  (and  B.  brevicaudus ) the  following  set  of  characters: 
a reduced  number  of  antennal  segments  (21  or  less),  a relatively 
short  ovipositer,  a male  having  the  forewing  narrow  at  base  and  no 
(or  nearly  no)  apophyses  on  abdominal  terga  2 and  3,  namely  B. 
chadzhi-gireji  Pliginsky  (1915)  and  B.  vlasovi  Martynova  (1954), 
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each  with  19  antennal  segments,  B.  navasi  Pliginsky  (1915)  (20 
segs.),  and  B.  bey-bienkoi  Tarbinsky  (1962)  (21  segs.).  To  these 
may  perhaps  be  added  B.  aktijari  Pliginsky  (1915),  described  from 
a single  female  said  by  Pliginsky  to  have  ^-segmented  antennae  and 
to  be  very  like  his  B.  chadzhi-gireji l.  Nevertheless  large  differences 
separate  each  of  these  species  from  B.  notoperates  and  B.  brevicau- 
dus.  None  of  the  Eurasiatic  species  have  the  apex  of  tergum-10 
abruptly  modified  as  a blade  on  each  side;  B.  chadzhi-gireji  and  B . 
vlasovi  have  the  9th  tergum  of  the  male  fused  laterally  with  its  ster- 
nite  (Martynova,  1954)  (a  free  suture  is  present  in  both  American 
forms)2;  and  males  of  B.  navasi  and  B.  bey-bienkoi  have  apical 
brushes  of  fine  pubescence  on  the  under  surfaces  of  the  hind  wings 
(absent  in  the  two  American  forms).  It  is  likely  that  all  5 of  the 
Eurasiatic  species  have  short  hypostomal  bridges,  like  most  Boreus 
but  unlike  B.  notoperates  and  B.  brevicaudus ; regrettably  this  is 
definitely  known  to  be  so  only  for  B.  chadzhi-gireji  (see  Pliginsky, 
1915,  % 9)- 


Status  of  euboreus 

I have  not  used  the  generic  name  Euboreus  (genotype  Boreus 
nivoriundus  Fitch)  which  Lestage  (1940-41)  proposed  for  all  boreids 
of  which  the  males  lack  transverse  apophyses  on  abdominal  terga  2 
and  3.  Lestage  would  restrict  Boreus  (genotype  Boreus  hyemalis 

According  to  Martynova  (1954),  Pliginsky’s  types  of  B.  navasi  and 
B.  aktijari  cannot  be  found,  but  his  specimens  of  B.  chadzhi-gireji  were 
studied  by  her.  She  states  that  the  tergal  apophyses  are  almost  (pochti) 
absent  in  the  males  of  B.  chadzhi-gireji.  Pliginsky  (1915)  did  not  de- 
scribe the  male  of  this  species,  but  merely  observed,  in  his  commentary  in 
German  (there  is  an  obvious  misprint  in  the  corresponding  text  in  Rus- 
sian), that  it  differs  from  that  of  his  B.  navasi  only  by  having  19  antennal 
segments;  but  the  male  of  B.  navasi  is  pointedly  stated  by  him  (p.  365) 
to  be  without  apophyses  on  abdominal  terga  2 and  3. 

2Mickoleit  (1971b)  has  briefly  discussed  the  fusion  of  the  8th  abdominal 
tergum  and  sternum  in  male  Boreus.  The  condition  of  the  8th  (and  9th) 
abdominal  segments  in  male  Boreus,  however,  is  more  complicated  than  he 
knew.  Symbolizing  such  fusion  with  -f-,  we  have  for  the  palearctic  spe- 
cies: Boreus  orientalis  (8  + , 9 + ),  B.  chadzhi-gireji  (0,  +),  B.  semenovi 
(0,  +),  B.  vlasovi  (0,  +),  B.  hyemalis  (+,  0),  and  B.  westwoodi  (+, 
0)  (see  Martynova  1954);  for  the  nearctic  species:  B.  borealis  (+,  0), 
B.  calif ornicus  (+,  0),  B.  color adensis  (+,  0),  B.  brevicaudus  (0,  0), 
B.  brumalis  (0,  0),  B.  nivoriundus  (0,  0),  and  B.  notoperates  (0,  0).  It 
seems  that  such  fusions  have  little  to  tell  of  the  larger  affinities  of  Boreus 
that  Mickoleit  discusses,  yet  it  seems  clear  that  these  fusion-patterns  must 
feature  importantly  in  any  world-wide  taxonomic  revision  of  Boreus  as 
now  constituted. 
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( L. ) ) to  include  only  those  species  having  such  apophyses,  an  as- 
semblage of  species  geographically  restricted  to  western  Eurasia 
which  he  believes  to  represent  a derivative,  more  highly  evolved, 
endemic  palearctic  lineage.  So  far  as  now  known,  Lestage’s  Boreus 
would  include  only  four  or  five  species:  B.  hy emails  (L.),  B.  west- 
woodi  Hagen,  B.  lokayi  Klapalek,  B.  kratochvili  Mayer,  and  B. 
chadzhi-gireji  to  judge  from  Martynova’s  (1954)  remarks.  If  rec- 
ognized, Euboreus  would  encompass  all,  or  nearly  all,  of  the  re- 
mainder, some  15  North  American  species  and  at  least  5 of  the 
Eurasiatic  forms:  B.  navasi , B.  semenovi,  B.  orientcilis  Martynova, 
B.  vlasovi,  and  B.  bey-bienkoi  (no  males  are  known  for  either  B. 
aktijari  or  B.  sjoestedti  Navas,  1926).  In  Lestage’s  view,  the  spe- 
cies falling  into  Euboreus  represent  “un  type  paleoendemique  prim- 
itif ”,  an  important  notion  (were  it  true)  which  features  prominently 
in  his  evolutionary  explanation  of  boreid  zoogeography. 

One  test  of  the  degree  to  which  Lestage’s  two  genera  are  useful 
concepts  is  to  enquire  whether  other  characters,  not  ordinarily  em- 
ployed in  taxonomies,  independently  suggest  that  these  aggregates 
do  reflect  important  phyletic  distinctions  even  though  main,  exter- 
nally visible  characters  traditionally  used  in  diagnosis  are  shared  by 
certain  members  in  each  of  Lestage’s  two  genera.  Certainly  it  would 
seem  to  be  so  if  forms  placed  in  Euboreus  share  as  a group  important 
internal  and  cytological  dissimilarities  from  the  members  of  Les- 
tage’s Boreus. 

There  is  not  much  information  to  draw  upon,  but  what  there  is 
seems  conclusive.  The  reproductive  systems  of  Boreus  hy  emails 
(Steiner  1937;  Potter  1938)  and  “Euboreus”  brumalis  (Cooper 
1940)  are  strikingly  dissimilar  in  lobulation  of  testis,  testicular 
calyx,  and  spermatheca,  as  well  as  in  their  sex  chromosomal  comple- 
ments. I have  found  that  B.  hy  emails  has  an  XO  (male)  — XX  (fe- 
male) sex  determination.  " Euboreus ” brumalis , however,  has  XtX2Y 
— males  and  XiXiXoXs  females  (Cooper  1951).  Nothing  is 
known  of  the  chromosomes  of  “E.”  notoperates , nor  have  others  de- 
scribed the  chromosomes  of  additional  species.  But  the  genital  sys- 
tems of  “E.”  notoperates  (figs.  8-9),  though  peculiar  by  possession 
of  a very  short  vas  deferens,  one  less  lobe  per  testis,  and  a distinc- 
tively organized  spermatheca  which  has  a duct  of  negligible  length, 
are  not  as  unlike  those  of  “E.”  brumalis  as  they  are  those  of  B.  hye- 
malis.  Indeed  the  chief  distinctions  shown  by  “E.”  notoperates  may 
be  viewed  as  larger  departures  along  the  same  paths  as  those  by 
which  “E.”  brumalis  differs  from  B.  hy  emails , and  thus  wholly  con- 
sistent with  Lestage’s  views. 
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However,  I find  that  the  genotypic  species  of  Euboreus,  namely 
B.  nivoriunduf,  has  XO  (male)  — XX  (female)  sex  determination 
and  genitalia  that  are  extremely  similar  to  those  of  B.  hyemalis  *} 
thus  the  testes  are  single  lobed  and  have  fused  calyces  (fig.  10),  and 
there  is  an  extremely  elongated  spermathecal  duct  in  the  female 
(fig.  11)  that  is  “coiled  like  a watch  spring”,  just  as  Potter  (1938) 
described  it  for  B.  hyemalis.  Interestingly,  XO-XX  male  hetero- 
gamety  is  the  general  mode  of  sex  determination  for  the  Mecoptera 
so  far  studied  ( Panorpa Ullerich  1961;  Bittacus,  Matthey  1950; 
Chorista , Bush  1967;  and  Merope,  Cooper,  unpublished )3,  and  is 
most  probably  primitive;  primitive  also  is  the  very  elongated  sperma- 
thecal duct,  a condition  which  Potter  (1938)  places  among  the  five 
“most  striking  of  the  typically  Mecopterous  characters  of  the  order”. 

There  are,  therefore,  no  grounds  at  present  for  viewing  Lestage’s 
Euboreus  as  a useful  taxonomic  set,  or  even  for  attributing  to  its 
members  as  a group  the  emphasis  which  Lestage  gave  them  as  more 
primitive  forms.  Quite  to  the  contrary,  “E”  notoperates  indeed 
seems  to  be  the  least  primitive  among  all  the  Boreus  known.  Its 
“advanced”  characters  include  the  long  hypostomal  bridge,  loss  of 
the  median  ocellus  and  the  corporatentorial  bridge4,  loss  of  the  brush 
of  fine  pubescence  on  the  hind  wing,  the  unparalleled  reduction  of 
the  submedian  tooth-complex  of  the  dististyles,  the  peculiar  apicolat- 
eral  blades  of  the  10th  tergum  of  the  female,  and  the  distinctive 
spermatheca  with  its  very  short  duct  — all  exceptional  departures 
from  the  usual  conditions  in  the  Boreidae.  Except  for  the  marked 
reduction  of  the  submedian  complex  of  the  dististyles,  B.  brevicaudus 
shares  all  of  the  external  peculiarities  with  B.  notoperates , and  quite 
likely  it  possesses  most  or  all  of  the  remaining  anatomical  departures 
as  well.  These  two  Boreus , then,  are  the  most  specialized  boreids 
known.  Conversely,  members  of  Lestage’s  “Boreus”  have  a quite 
generalized  morphology,  and  should  the  tergal  apophyses  of  their 
males  prove  to  be  vestiges  of  notal  appendages  homologous  to  those 
of  Notiothaumids,  Panorpids,  and  Panorpodids  (Crampton  1931; 
Mickoleit  1971a),  they  are  evidently  the  most  “primitive”  forms 
known  (but  see  ftnt.  2).  At  best  they  comprise  a species-group 
within  Boreus  as  now  defined,  namely  the  hyemalis-group. 

3Also  see  Atchley  and  Jackson  (1970). 

4Boreus  nivoriundus  (Otanes  1922),  B.  hyemalis  (Slais  1947),  B.  uni- 
color and  B.  calif ornicus  (Hepburn  1969),  and  as  I have  found  for  B, 
hrumalis,  have  3 ocelli  and  a divided  occipital  foramen.  At  present  the 
Boreidae  is  the  only  family  of  Mecoptera  within  which  the  number  of 
ocelli  varies,  and  in  which  the  occipital  foramen  occurs  in  both  states: 
divided  and  undivided  (see  Hepburn’s  fine  study). 


28o 


Psyche 


[December 


Extent  of  the  latitudinal  range  of  boreus 

Boreus  notoperates  now  provides  the  southmost  record  (33.7°N) 
of  all  known  species  of  Boreus.  Nevertheless,  in  eastern  North 
America,  B.  nivoriundus  and  B.  brumalis  extend  nearly  as  far  south. 
Both  range  from  Jackson,  New  Hampshire  (Dohanian,  1915)  and 
Ellsworth,  Maine  to  Tennessee,  in  the  Great  Smoky  Mountains  at 
4000  ft  (Carpenter  1931,  1939;  Cole  and  Gillespie  1950),  namely 
from  44.8°N  to  a latitude  perhaps  as  low  as  35.4°N.  In  the  far 
West  B.  calif ornicus  Hine  has  a comparable  range:  from  Kaslo, 
British  Columbia  (Carpenter  1931)  to  Hobart  Mills,  Nevada  Co., 
California  (new  record),  or  from  about  49.9°N  to  about  39.4°N. 
In  the  West,  only  B.  notoperates  has  been  found  south  of  39°N. 
The  total  latitudinal  range  of  Boreus  in  North  America  is  therefore 
from  the  vicinity  of  McCarthy  and  Kennicott  (ca  6i.5°N  in  Alaska, 
B.  interrnedius  Carpenter  and  B.  gracilis  Carpenter;  Carpenter  1935, 
1936)  to  Mt.  San  Jacinto  (33-7°N)  in  California,  a total  range 
of  nearly  28°  of  latitude,  or  about  1900  miles. 

Were  Lestage’s  (1940,  p.  16;  1941,  p.  119)  listing  of  Persia  a 
valid  record  for  the  range  of  B.  lokayi  Klapalek,  it  would  perhaps 
provide  the  most  southern  outpost  of  Boreus  in  Eurasia.  It  is  an 
error  evidently  originating  from  Enderlein’s  (1910)  rendering  of 
the  type  locality5,  which  had  been  cited  simply  as  Sedmihrad  by 
Klapalek  (1901).  Now  “Sedmihrad”  is  Czech  for  Siebenbiirgen 
(Transylvania,  now  in  Rumania),  and  Klapalek  (1903)  leaves  no 
doubt  for  he  says  he  has  many  specimens  of  B.  lokayi  that  were  col- 
lected by  Lokay  “in  Buczecz  in  Siebenburgen”. 

Nevertheless  it  is  an  odd  coincidence  that  Boreus  has  been  found 
just  across  the  northern  border  of  Iran,  providing  the  southmost  rec- 
ord in  Eurasia.  It  is  that  for  B.  vlasovi  from  Ashkhabad,  Turk- 
men S.  S.  R.  (ca  37*9°N)  (Martynova  1954).  The  northmost 
record  is  that  of  B.  westwoodi  from  the  island  of  Kil’din  (69.3°N), 
slightly  NE  of  Murmansk,  U.S.S.R.  (Tarbinsky  1962).  Although 
Boreus  ranges  nearly  8°  farther  to  the  north,  it  has  a known  lati- 
tudinal range  in  Eurasia  not  quite  40  greater  (about  250  miles) 

6“.  . Boreus  lokayi  Klap.  1903  (Persien,  Sedmihrad)  . .”  thus,  Enderlein 
(1910,  p.  394).  Perhaps  Enderlein  refers  to  the  Muntii  Persani  of  the 
Sedmihrad  that,  near  Brasov,  run  north  from  the  southern  Carpathians 
of  which  the  Bucsecs  (Buczecz,  M.  Bucegi)  is  a member.  If  so,  it  may 
represent  a valid,  otherwise  unrecorded  locality  of  capture,  in  addition  to 
the  type  locality.  The  most  recent  record  for  B.  lokayi  appears  to  be  that 
of  Miller  and  Povolny  (1950):  High  Tatra  Mountains,  about  16Q0  m, 
Czechoslovakia. 
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than  that  in  North  America  — a datum  of  considerable  ecologic  and 
zoogeographic  interest. 
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ON  THE  LIFE  CYCLE  AND  NATURAL  HISTORY  OF 
HYMENITIS  NERO  (LEPIDOPTERA:  ITHOMIINAE) 
IN  COSTA  RICA* 

By  Allen  M.  Young 
Department  of  Biology,  Lawrence  University 
Appleton,  Wisconsin  5491 1 

A knowledge  of  life  cycle  and  natural  history  are  often  important 
prerequisites  to  studies  of  population  biology  in  butterflies.  Although 
studies  on  the  systematics  and  broad  distribution  patterns  of  that 
familiar  New  World  Tropical  group,  the  Ithomiinae,  have  been 
conducted  (Seitz,  1924;  Fox,  1956;  Fox,  1968),  a lot  remains  to 
be  known  about  the  biology  of  many  species  in  Central  America. 
This  is  surprising  in  light  of  the  considerable  interest  in  these  but- 
terflies as  members  of  mimicry  complexes.  In  this  spirit,  this  paper 
summarizes  life  cycle  and  natural  history  data  on  a clear  wing  itho- 
miine  Hymenitis  nero  (Hewitson)  (Nymphalidae:  Ithomiinae)  in 
Costa  Rica,  Similar  studies  of  several  other  sympatric  ithomiines 
have  either  been  completed  (Young,  in  prep.)  or  begun,  as  a pre- 
liminary step  towards  understanding  the  local  patterns  of  diversity 
of  this  family  in  selected  tropical  plant  communities. 

Methods 

Field  observations  were  conducted  during  July  and  August  1971, 
and  again  during  August  1972  at  Cuesta  Angel,  a montane  tropical 
wet  forest  locality  (1000  m.  elev.)  on  the  Caribbean  slope  of  the 
central  Cordillera  in  the  Heredia  Province  of  Costa  Rica.  Here,  the 
study  site  was  at  the  bottom  of  a steep  ravine  (about  250  m.  in 
depth)  along  the  headwaters  of  the  Rio  Sarapiqui.  Observations  were 
confined  to  a small  (20  X 25  m)  second-growth  clearing  near 
heavily-shaded  primary-growth  forest  canopy. 

Field  studies  consisted  of:  (1)  observations  of  oviposition  se- 

quences, (2)  records  of  the  larval  host  plant,  (3)  notes  on  larval 
behavior,  and  (4)  notes  on  adult  behavior  and  occurrence  with 
other  ithomiids. 

Laboratory  studies  dealt  with  the  estimation  of  developmental 
time  and  description  of  the  life  cycle.  For  these  studies,  eggs,  col- 
lected immediately  after  oviposition  in  the  field,  were  brought  into 
the  laboratory  (San  Jose,  Costa  Rica)  and  rearing  studies  were  done 
in  large  clear  plastic  bags  containing  ample  sprigs  of  host  plant. 

* Manuscript  received,  by  the  editor  October  5,  1972 
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Laboratory  temperatures  varied  from  20  to  23°C  and  the  average 
humidity  was  about  55 %• 

Results 

The  results  of  studies  on  H.  nero  are  summarized  under  these 
headings:  (1)  habitat  and  larval  food  plant,  (2)  life  cycle  and  de- 
velopmental time,  (3)  larval  behavior,  and  (4)  adult  behavior. 
Habitat  and  larval  host  plant 

The  butterfly  is  associated  with  the  herbaceous  layer  of  the  lower 
understory  in  the  primary-growth  forest  in  the  ravine  where  it  co- 
occurs with  various  other  ithomiines.  (Fig.  i-A).  Adults  of  these 
species  feed  on  various  flowers,  and  particularly  various  Compositae 
(Fig.  i-B)  which  are  common  at  the  study  site.  Despite  the  fact 
that  several  other  species  of  ithomiids  breed  here,  only  H.  nero  ovi- 
posits and  completes  development  on  Oestrum  standleyi  Morton 
(Solanaceae),  which  occurs  as  an  herbaceous  member  (Fig.  i-C)  of 
the  lower  understory.  Within  the  confines  of  the  study  site,  this 
plant  grows  as  single  individuals  in  a highly  dispersed  distribution. 
The  several  species  of  ithomiids  (Fg.  i-D)  which  breed  in  the  same 
study  site  include:  Hymenitis  andromica  lyra  Haensch,  H.  nero, 
Pseudoscada  utilla  pusio  (Druce),  Dircenna  relata  Butler  & Druce, 
Oleria  zelica  pagasa  (Druce),  Napeogenes  tolosa  amara  Godman 
and  Pteronymia  notilla  Butler  & Druce.  Breeding  and  oviposition 
in  all  of  these  sympatric  species  occur  regularly  at  the  study  site  be- 
tween June  and  September.  Adults  of  all  species  are  generally  active 
at  the  same  times  of  day  and  fly  at  about  the  same  level  (just  above 
the  herbaceous  layer)  in  the  forest.  With  the  exception  of  O.  zelica 
and  N.  tolosa  the  larval  food  plants  of  these  species  have  been  de- 
termined (Young,  in  prep.)  and  these  are  in  various  genera  and 
species  of  Solanaceae.  But  H.  nero  is  the  only  ithomiine  feeding  on 
Oestrum  standleyi.  Pteronymia  notilla  feeds  on  C.  megalophyllum 
Dum.  and  the  other  species  on  various  species  of  Solanum  (Young, 
in  prep.).  Food  plant  specialization  is  high  in  this  ithomiine  com- 
munity. 

Life  cycle  and  developmental  time 

The  stocky  egg  (0.75  mm  high  X 0.70  mm  wide),  tapers  slightly 
to  the  top  and  is  characterized  by  many  longitudinal  deep  grooves 
(Fig.  2 -A) . The  central  area  at  the  top  of  the  egg  is  depressed  and 
the  egg  is  uniformly  white  until  hatching. 

There  are  five  instars  in  larval  development.  All  five  instars  are 
similar  to  one  another,  but  the  following  differences  occur.  The  first 


286 


Psyche 


[December 


Fig.  1.  Ithomiine  natural  history.  (A)  habitat  at  Cuesta  Angel  where 
several  clear  wing  ithomiines  co-occur;  (B)  male  Hymenitis  andromica 
lyra  on  Eupatorium  sp.,  a major  adult  food  plant  for  seventh  ithomiines, 
including  H.  nero\  (C)  Cestrum  standleyi  Morton  (about  1.0  m tall),  lar- 
val food  plant  of  H.  nero\  (D)  three  similar-appearing  clear  wing  ithomi- 
ines co-occurring  at  Cuesta  Angel,  from  top  to  bottom:  Hymentiis  nero, 
H.  andromica  lyra,  and  Pseudoscada  uiilla  pusio. 
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instar  is  uniformly  dark  green  after  an  initial  feeding,  although  it 
is  yellowish-white  immediately  after  hatching.  As  it  grows,  a thin, 
dorso-lateral  line  becomes  evident  on  each  side  of  the  body  and  the 
larva  is  about  6.5  mm  long  by  the  first  molt.  The  second  instar  is 
lighter  green  and  the  head  is  translucent  yellowish-green,  and  bears  a 
small  black  spot  ventro-laterally  on  each  side.  A dorso-lateral  yel- 
low stripe  separates  the  darker  upper  portion  of  the  body  and  the 
lighter  yellow-green  ventral  portion.  There  is  also  a medial  dorsal 
stripe  which  terminates  indistinctly  anteriorly  on  the  second  segment 
and  posteriorly  on  the  ninth  segment.  The  third  instar  (Fig.  2-6) 
is  very  similar  to  the  previous  one.  By  the  third  molt,  the  larva  is 
about  12  mm  long.  The  fourth  instar  (Fig.  2-D)  is  more  decorative 
than  previous  instars.  The  head  remains  yellowish-green  but  now 
has  acquired  a second  pair  of  black  spots  immediately  above  the  first 
pair.  The  second  pair  of  spots  are  considerably  larger  and  triangu- 
lar in  shape.  The  dorsal  region  of  the  body  is  a light,  chalky  green 
and  is  bounded  laterally  by  a prominent  double  stripe  (Fig.  2-D). 
The  upper  component  of  the  double  stripe  is  very  dark  green  and  the 
lower  component  is  white,  but  the  latter  fades  into  yellow  in  the 
posterior  one-third  of  each  body  segment.  Each  spiracle  is  bordered 
with  a thin  yellow  line.  This  color  pattern  is  retained  in  the  fifth 
instar.  The  larva  measures  about  21  mm  in  length  by  3 mm  in  width 
at  the  time  of  pupation. 

The  pupa  is  about  10  mm  in  length  and  9 mm  wide  dorso-ven- 
trally  through  the  thoracic  region.  The  cremaster  is  light  red  and 
the  spiracles  are  bordered  in  light  yellow.  A few  hours  after  forma- 
tion, the  pupa  becomes  silvery  in  appearance  with  the  wing  pads  be- 
ing entirely  silver  in  color  and  anterior-ventral  aspects  as  well  (Fig. 
2-E,  F).  The  dorsal  region  of  the  abdomen  acquires  two  powder 
light  blue  stripes  which  taper  towards  the  cremaster.  The  leading 
edge  of  each  wing  pad  is  dark  red.  Pupation  in  the  field  does  not 
occur  on  the  host  plant. 

The  adult  female  is  figured  in  Fig.  2-G,  including  both  dorsal  and 
ventral  aspects.  The  average  wingspan  for  females  in  this  population 
is  47.6  ± 0.4  mm  (N  = 16)  and  for  males,  45  ± 1.1  (N  — 
20).  Sexual  dimorphism  in  coloration  is  very  weak,  and  both  sexes 
have  the  same  distribution  of  color.  But  coloration  is  more  extensive 
in  the  female.  The  basic  color  of  the  non-transparent  dorsal  wing 
surfaces  is  slate  gray  with  white  spots;  ventrally  gray  is  replaced 
by  dull  red  with  the  exception  of  the  trailing  edges  of  forewings 
(these  being  gray).  A description  of  the  adult  is  given  by  R.  Haensch; 
in  Seitz  ( 1 924 ) , and  in  Fox  ( 1 968 ) . 
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Fig.  2.  Life  stages  of  Hymenitis  nero.  (A)  egg;  (B-C)  third  instar 
(D)  fourth  instar;  (E-F)  pupa;  (G)  adult  female. 
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The  egg-adult  developmental  time  is  summarized  in  Table  1 and 
no  difference  was  observed  between  sexes. 

Larval  behavior 

All  instars  remain  on  the  dorsal  surfaces  of  leaves  throughout  their 
development  in  the  field ; both  feeding  and  resting  activities  are  con- 
fined to  dorsal  leaf  surfaces.  First  and  second  instars  build  thin 
silken  mats  for  resting  behavior;  these  mats  are  usually  located  near 
the  center  of  the  leaf.  Larvae  are  never  gregarious  and  this  is  cor- 
related with  oviposition  behavior  (see  below)  ; larval  densities  sel- 
dom rise  above  3 per  individual  host  plant.  Only  one  larva  was  found 
per  leaf  in  sample  of  33  plants  bearing  larvae.  First  to  third  instars 
appear  very  cryptically  colored  but  the  fourth  to  fifth  instars  are 
more  conspicuous,  owing  to  the  very  light  green  dorsal  body  surface 
accompanied  by  the  lateral  double  striping  pattern.  But  these  larvae 
build  a “nest”  by  curling  in  the  proximal  edges  of  large  leaves  of 
the  host  plant,  and  anchoring  these  in  place  with  a few  silken  strands 
(Fig.  2-D).  The  larva  builds  a thick  silken  mat  inside  this  en- 
closure, presumably  as  a resting  site.  The  nest  is  seldom  completely 
closed  over  but  the  curling  in  appears  sufficient  enough  to  render  the 
larva  inconspicuous  in  shadows  created  by  the  leaf  edges.  The  third 
instar  exhibits  a form  of  nest-cleaning  behavior  in  which  pieces  of 
accumulated  excrement  are  taken  up  in  the  mandibles  and  tossed 
outside  the  nest.  Foraging  usually  occurs  on  the  same  leaf  as  the 
nest,  and  when  a leaf  becomes  about  half  eaten  away,  the  larva 
abandons  the  next  for  another  leaf  and  builds  a new  nest.  As  in 
earlier  instars,  the  third  instar  always  returns  to  the  silken  mat  be- 
tween foraging  episodes.  First  and  second  instars  are  strictly  noc- 
turnal feeders,  while  the  third  instar  feeds  erratically  day  and  night. 

First  and  second  instars  have  the  usual  capacity  to  suspend  them- 
selves from  a leaf  at  the  approach  of  a potential  predator  (such  as 
an  ant).  Curiously,  this  behavior  cannot  be  elicited  by  solely  mechan- 
ical means.  Later  instars  do  not  exhibit  this  behavior. 

Adult  behavior 

Adult  population  densities  at  the  study  site  are  exceedingly  low  on 
a daily  basis.  It  is  therefore  difficult  to  obtain  quantitative  data  on 
patterns  of  adult  activity.  But  oviposition  sequences  were  observed 
on  a total  of  1 8 days  at  the  study  site,  and  presumably  these  involved 
several  different  females,  although  this  cannot  be  confirmed  until 
data  are  available  on  home  range  movements  of  adults.  For  exam- 
ple, a roost  of  several  adults  of  clear  wing  ithomiines  was  found 
in  lowland  wet  forest  (Finca  la  Selva)  at  4:30  PM  on  August  12, 
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1969  (A.  M.  Y.,  unpubl.  field  notes).  It  is  therefore  possible  that 
local  movements  of  adults  of  at  least  some  ithomiines  are  in  the 
form  of  consistent  day-to-day  patterns  (home  ranges). 


Table  1.  The  developmental  timea  of  Hymenitis  nero  (Ithomiinae)  on  its 
host  plant,  Cestrum  standleyi  (Solanaceae) . 

Instarsb 


Total  Time 


Statistic 

Egg 

1-2 

3 

4-5 

Pupa  Egg-Adult 

Mean  Duration 

(Days) 

4 

3 

5 

7 

11  30 

S.  E. 

0.3 

0.7 

0.4 

0.4 

1.2 

No. 

20 

18 

18 

18 

18 

Died 

0 

2 

0 

0 

0 

ameasured  in  the  laboratory 

bdata  are  lumped  for  instars  since  head  capsules  were  not  collected  for 
each  instar. 


Oviposition  occurs  on  plants  of  a wide  height  range,  this  being 
0.3  to  1.0  m at  the  study  site.  Eggs  are  always  laid  singly  with  only 
one  egg  per  leaf  and  usually  only  one  or  two  eggs  per  plant.  The 
egg  is  always  laid  on  the  dorsal  leaf  surface,  and  usually  in  the  cen- 
tral region  near  the  midrib.  These  observations  were  gathered  from 
a total  of  53  oviposition  sequences  observed  at  the  study  site  during 
July  and  August.  There  is  no  apparent  selection  for  young  leaves 
during  egg-laying,  and  most  eggs  are,  in  fact,  laid  on  older  leaves. 
Height  distribution  of  eggs  on  individual  plants  of  similar  size  is 
very  variable. 

Female  vagility  may  be  high  in  this  species  since  it  is  observed 
that  individual  females  pass  through  the  study  site  pausing  briefly 
for  oviposition.  However,  no  marking  studies  have  been  done  to 
assess  the  extent  of  vagility  in  either  sex.  As  mentioned  earlier,  how- 
ever, the  larval  food  plant  has  a highly  dispersed  local  distribution 
and  does  not  occur  as  extensive  homogeneous  patches.  Such  food 
plant  dispersion  would  favor  high  vagility  in  non-colonial  butterflies. 

Discussion 

Various  ecological  traits  of  butterflies,  including  larval  defensive 
behavior,  palatability,  mimicry,  breadth  of  food  plant  acceptance, 
and  oviposition  have  been  recently  discussed  in  terms  of  community 
structure  (e.g.,  Brower  and  Brower,  1964;  Ehrlich  and  Raven,  1965; 


1972] 


Y oung  — Hymenitis 


291 


Eisner,  1970;  Young,  1972).  Several  of  these  factors  are  discussed 
below  for  1 H.  nero,  and  in  relation  to  other  ithomiine  genera,  from 
three  major  considerations:  (1)  palatability  and  mimicry,  (2)  strat- 
egies of  oviposition,  and  (3)  defensive  behavior  of  larvae. 

Palatability  and  Mimicry 

The  Ithomiinae  have  long  been  known  to  be  generally  unpalatable 
butterflies  since  the  larvae  of  most  species  feed  on  various  Solanaceae, 
and  this  prediction  has  been  verified  for  adults  of  selected  species 
(Brower  and  Brower,  1964).  The  larvae  of  H.  nero  feed  on  Oes- 
trum in  the  Solanaceae  and  are  therefore  presumably  unpalatable. 
As  to  be  discussed  below,  this  unpalatability  may  not  be  characteristic 
of  all  life  stages.  Together,  adults  of  at  least  three  species,  H.  nero , 
H.  andromica,  and  Pseudoscada  utilla  appear  very  similar,  in  terms 
of  size,  coloration,  and  wing  transparency  (Fig.  i-D).  The  local 
sympatry  of  these  Species  at  Cuesta  Angel  lends  further  credence  to 
the  prediction  that  they  form  a Mullerian  mimicry  complex.  But 
until  the  relative  palatabilities  of  adults  and  larvae  of  all  three  spe- 
cies are  determined,  along  with  estimations  of  relative  abundances  of 
adults  in  local  habitats,  the  hypothesis  of  Mullerian  mimicry  cannot 
be  tested.  The  very  existence  of  the  rather  cryptic  clear  wing  pheno- 
type in  many  ithomiine  species  throughout  Central  and  South  Amer- 
ica suggests  that  while  these  species  derive  protection  from  their 
transparency,  they  undoubtedly  derive  some  advantage  from  being 
mimetic.  This  problem  clearly  needs  more  quantitative  and  chemical 
study  for  both  larvae  and  adults. 

Strategies  of  Oviposition 

The  single  oviposition  pattern  of  H.  nero  is  characteristic  of  many 
other  ithomiines,  in  addition  to  being  the  general  rule  in  butterflies 
as  a group  (Labine,  1968).  Yet  it  is  clear  that  other  patterns  of 
oviposition  exist  in  other  ithomiine  genera.  In  another  report  (Young, 
in  prep.),  it  is  shown  that  the  ithomiine  Godyris  zavaleta  lays  loose 
clusters  of  eggs  on  the  ventral  leaf  surfaces  of  Solanum  hispidum. 
As  a result  of  this  oviposition  pattern,  it  is  not  uncommon  to  find 
several  larvae  together  on  a single  leaf.  But  these  larvae  show  no 
coordinated  gregarious  behavior  and  individuals  seldom  have  physical 
contact  with  one  another.  Yet  in  another  genus,  Mechanitis)  species 
such  as  M.  isthmia  exhibit  tight  clustering  of  eggs  in  well-defined 
rows  on  ventral  surfaces  of  leaves  of  solanaceous  food  plants  in  both 
Costa  Rica  and  El  Salvador  (Young,  in  prep.).  Furthermore,  larval 
gregariousness  is  very  apparent,  with  both  resting  and  feeding  activ- 
ities being  highly  synchronized  and  coordinated  among  the  individ- 
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uals  in  a group  derived  from  a single  cluster  of  eggs.  From  these 
preliminary  observations,  it  seems  that  different  genera  of  ithomiines 
possess  very  different  strategies  of  oviposition  and  subsequent  larval 
behavior.  With  further  field  studies  on  these  and  other  Costa  Rican 
species  within  selected  genera,  it  will  be  possible  to  examine  these 
adaptations  in  terms  of  phylogenetic  affinities  within  the  Ithomiinae. 
Other  field  studies  will  emphasize  the  correlation  of  ecological  prop- 
erties of  habitat  and  how  these  influence  the  type  of  oviposition  and 
clustering  of  larvae. 

Defensive  Behavior  of  Larvae 

Earlier  larval  instars  of  H.  nero  are  relatively  more  cryptic  in  ap- 
pearance than  the  fifth  instar  and  do  not  build  solitary  nests.  Final 
instar  larvae  build  solitary  nests  (Fig.  2-D)  and  are  more  brightly 
colored  than  earlier  instars.  These  behavioral  and  morphological 
differences  among  instars  suggest  differences  in  palatability  of  larvae 
as  a function  of  their  age.  The  nest-building  behavior  of  solitary 
final  instar  larvae  may  be  an  adaptation  against  invertebrate  (ants, 
predatory  hemipterans,  spiders,  whip  scorpions,  etc.)  and  small  ver- 
tebrate (lizards  and  frogs)  predators  that  forage  in  understory  herb- 
age. The  increased  conspicuousness  in  coloration  of  the  final  instar 
suggests  increased  unpalatability  while  the  nesting  behavior  indicates 
reduced  unpalatability.  This  resulting  level  of  intermediate  un- 
palatability may  be  carried  over  from  the  final  instar  to  the  adult,  as 
indicated  in  the  latter  by  the  crypsis  of  wing  transparency. 

It  is  likely  that  species  of  Hymenitis  such  as  nero  are  generally 
only  intermediate  in  unpalatability  as  compared  to  various  orange- 
wing genera  such  as  Mechanitis  and  Godyris  which  are  probably  very 
unpalatable.  The  more  pronounced  unpalatability  of  these  latter 
genera  is  suggested  by  ( I ) brighter  coloration  of  larvae  and  adults, 
(2)  various  types  of  cluster  oviposition  patterns,  and  (3)  various 
levels  of  larval  gregariousness,  ranging  from  loose  (i.e.,  Godyris)  to 
highly  coordinated  (i.e.,  Mechanitis)  behavior  among  individuals. 
But  since  it  is  known  that  many  unpalatable  tropical  butterflies, 
most  notably  in  the  Heliconiinae,  have  single  oviposition  and  solitary 
larvae  (Alexander,  1961),  it  is  essential  to  determine  the  relative 
palatability  of  species  among  these  ithomiine  genera  before  making 
such  correlations.  Many  other  selection  pressures  not  related  directly 
to  the  development  and  expression  of  unpalatability  may  account  for 
the  evolution  of  cluster  oviposition  and  larval  gregariousness. 

Summary 

( 1 ) The  life  cycle,  developmental  time,  and  larval  host  plant 
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record  are  summarized  for  the  butterfly,  Hymenitis  nero  (Hewit- 
son)  (Ithomiinae) , in  montane  wet  forest  on  the  Caribbean  slopes 
of  the  central  Cordillera  in  Costa  Rica. 

(2)  It  was  found  that  the  larval  food  plant  is  Cestrum  standleyi 
Morton  in  the  Solanaceae. 

(3)  The  butterfly  co-occurs  with  several  other  ithomiines  which 
breed  regularly  in  the  same  plant  community,  but  each  of  these  spe- 
cies had  a different  host  plant.  At  least  two  of  these  other  species 
have  the  same  color  pattern  as  H.  nero , and  as  such  may  be  Mul- 
lerian mimics. 

(4)  But  the  unpalatability  of  H.  nero  may  be  questionable  since 
the  larvae  exhibit  both  cryptic  coloration  and  behavior  (nocturnal 
feeding,  nest  building,  etc.).  Unpalatability  is  suggested  mainly  by 
the  host  plant  being  the  Solanaceae.  Experimental  feeding  studies 
are  needed  to  verify  unpalatability. 

(5)  Preliminary  studies  of  life  cycle  and  natural  history  in  other 
selected  ithomiine  species  in  different  genera  suggest  that  strategy  of 
reproduction  and  larval  defense  may  vary  consistently  within  the 
phylogeny  of  the  group. 
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THE  NEARCTIC  SPIDER  GENUS 
PISA  U RINA  (PISAURIDAE) 

By  James  E.  Carico 

Museum  of  Comparative  Zoology,  Harvard  University1 

This  paper  is  part  of  a series  of  systematic  studies  on  American 
spiders  of  the  family  Pisauridae  and  is  concerned  specifically  with  a 
re-examination  of  the  revision  of  this  family  by  Bishop  (1924)  as 
it  occurs  in  the  United  States.  Since  Bishop’s  work,  numerous  col- 
lections have  become  available  to  help  provide  a better  understanding 
of  the  distribution  and  variation  of  each  species.  Additionally,  new 
approaches  to  the  study  of  systematics  have  given  better  insight  into 
the  evolutionary  relationships  within  the  group  and  have  brought 
about  a realignment  in  its  generic  and  specific  classification.  The  pur- 
pose of  this  paper,  therefore,  is  to  bring  up-to-date  the  available  in- 
formation on  the  systematics  of  the  genus  Pisaurina. 

Pisaurina  is  a rather  common  genus  found  in  eastern  North  Amer- 
ica and  Cuba,  and  one  species,  P.  mira , is  well  known  within  its 
large  area  of  distribution.  The  pisaurids  are  commonly  referred  to 
as  nursery  web  spiders  because  of  the  habits  of  many  members  of 
the  family,  and  Pisaurina  seems  not  to  be  an  exception.  Species  of 
Pisaurina  are  not  as  closely  associated  with  the  aquatic  habitat  as  is 
Dolomedes , the  only  other  known  genus  of  pisaurids  within  the  same 
geographic  range  (see  Carico,  in  press).  Instead,  they  appear  to  be 
wandering  spiders  which  are  typically  found  on  vegetation  and  are 
frequently  collected  by  such  methods  as  sweeping  and  searching 
among  weeds  and  shrubs.  The  natural  history  is  considered  further 
in  the  analysis  of  each  species  below. 

Distribution  and  evolution.  As  previously  stated,  Pisaurina 
has  a distribution  restricted  primarily  to  eastern  North  America, 
but  the  distributions  of  individual  species  within  this  area  bear  some 
basic  similarities  to  the  ranges  of  certain  species  of  Dolomedes , and 
thus  there  is  an  invitation  to  make  comparisons  between  the  two 
genera.  In  Pisaurina , as  in  Dolomedes , there  are  two  species  in  the 
genus,  specifically  P.  mira  and  P.  brevipes,  which  have  a very  wide 
distribution  in  eastern  North  America  (Maps  1,  2)  while  the  re- 
maining two  species,  P.  undulata  and  P.  dubia,  are  restricted  prin- 
cipally to  the  Coastal  Plain  and  Piedmont  regions  of  the  United 
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Diagram  1.  Dendrogram  of  species  of  Pisaurina  based  on  the  structure 
of  male  pedipalpi. 


States  (Maps  3,  4).  An  explanation  for  this  type  of  distribution  is 
that  speciation  could  have  occurred  as  a result  of  genetic  isolation 
consequent  with  the  Pleistocene  shoreline  changes  which  produced 
isolated  islands  in  the  region  of  the  state  of  Florida.  The  southern 
species,  then,  emerged  on  these  islands  and  spread  northward  later 
when  the  islands  were  once  more  connected  with  the  mainland.  A 
more  detailed  discussion  of  this  type  of  distribution  as  it  occurs  in 
Dolomedes  is  found  elsewhere  (Carico,  in  press).  The  phylogenetic 
relationships  are  shown  in  a dendrogram  (Diagram  1).  Two  spe- 
cies, P.  mira  and  P.  brevipes,  are  very  similar  in  general  morphology, 
eye  pattern  and  genitalia,  and  are  more  closely  related  than  any  other 
pair.  They  have  been  confused  frequently,  but  there  are  very  good 
characters  which  separate  them.  The  remaining  two  species  are 
rather  enigmatic  in  that  their  general  morphologies  and  eye  patterns 
are  similar,  while  their  genitalia,  particularly  the  male  palpi,  are  quite 
different  from  each  other.  The  male  palpi,  perhaps  the  best  indi- 
cators of  interspecific  relationships,  are  used  as  a basis  for  specula- 
tion on  the  phylogeny  of  the  genus. 

Some  arachnologists  have  wondered  about  the  relationships  be- 
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tween  Pisaurina  and  the  European  genus  Pisaura.  A comparison  of 
the  genitalia  of  the  two  shows  no  congeneric  similarity. 
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Pisaurina  Simon 

Dapanus  Hentz,  1867,  Proc.  Boston  Soc.  Natur.  Hist.  11:  4.  Type  species 
originally  designated  for  this  subgenus  to  be  Micrommata  marmorata 
Hentz,  1847,  a synonym  of  Dolomedes  mirus  Walckenaer,  1837.  The 
International  Commission  on  Zoological  Nomenclature  has  been  peti- 
tioned to  suppress  the  name  Dapanus. 

Pisaurina  Simon,  1898,  Hist.  Natur.  Araignees,  2:  295.  Type  species  orig- 
inally designated  as  Dolomedes  mirus  Walckenaer,  1937.  Bishop,  1924, 
Bull.  New  York  State  Mus.,  252:  22-23.  Roewer,  1954,  Katalog  der 
Araneae,  2(a):  121.  Bonnet,  1958,  Bibliographia  Araneorum  2:  3682. 
Thanatidius  Simon,  1898,  Hist.  Natur.  Araignees,  2:  293.  Type  originally 
designated  as  Thomisus  ? dubius  Hentz  1847.  Bishop,  1924,  Bull.  New 
York  State  Mus.,  252:  16-17.  Roewer,  1954,  Katalog  der  Araneae 
2(a):  125.  Bonnet,  1959,  Bibliographia  Araneorum  2:  4396.  NEW 
SYNONYMY. 

Pelopatis  Bishop,  1924,  Bull.  New  York  State  Mus.,  252:  20.  Type  species 
originally  designated  as  T etragonophthalma  undulata  Keyserling  1887. 
Roewer,  1954,  Katalog  der  Araneae,  2(a):  117-118.  Bonnet,  1958, 
Bibliographia  Araneorum,  2:  3478  NEW  SYNONYMY. 

Description.  Carapace : depressed  to  moderately  high,  longer 

than  wide.  Eyes:  posterior  row  moderately  recurved,  PLE,  PME, 
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AME  subequal  and  larger  than  ALE.  ALE  tuberculate,  anterior 
row  nearly  straight  or  strongly  procurved,  ocular  quadrangle 
wider  at  top  than  at  bottom.  Sternum:  lanceolate,  longer  than  wide. 
Chelicerae : moderately  robust  with  three  promarginal,  three  retro- 
marginal  teeth  on  fang  furrow.  Legs:  spinose,  variable  in  length, 
third  pair  always  shortest.  Abdomen:  moderately  long  to  quite  longer 
than  wide,  slightly  overlaps  carapace,  male:  Bulb  of  pedipalp:  Me- 
dian apophysis  directed  somewhat  retro-laterally,  flattened,  simple  or 
bifid;  conductor  distal,  usually  broad,  flattened  with  spine  projecting 
retrolaterally ; embolus  long,  slender,  quite  flexible,  arising  proximally 
or  prolaterally,  curving  around  behind  distal  margin  of  conductor. 
female.  Epigynum : three  elevations  with  concavity  anterior  to  me- 
dian concavity,  carina  along  ental  side  of  each  lateral  elevation. 
Internal  copulatory  apparatus : bursa  copulatrix  empties  directly  into 
conspicuous  seminal  receptacle,  fertilization  tubes  loop  back  and 
forth  several  times  across  chitinous  ridge. 

Key  to  species  of  pisaurina 

1.  Height  of  clypeus  at  ALE  less  than  half  height  of  clypeus  at 

AME;  abdomen  usually  wider  than  carapace  2 

Height  of  clypeus  at  ALE  more  than  half  height  of  clypeus  at 
AME ; carapace  usually  wider  than  abdomen  3 

2.  Width  of  ALE  divided  by  width  of  PME  = less  than  1.5;  con- 
spicuous tuft  O'f  white  hairs  directed  anteriorly  from  area  be- 
tween PME  (missing  from  rubbed  specimens)  (Figs.  10,  11)  .. 

Pisaurina  dubia 

Width  of  ALE  divided  by  width  of  PME  = more  than  1.5; 

tuft  of  white  hairs  absent  from  area  between  PME  

Pisaurina  undulata 

3.  Median  dark  band  on  dorsum  of  abdomen  distinct  and  with 
straight  or  nearly  straight  border  (Figs.  7,  8)  ; patella-tibia  I 
length/carapace  length  ratio  less  than  2.0  in  males  and  usually 

less  than  1.37  in  females  Pisaurina  brevipes 

Median  dark  band  on  dorsum  of  abdomen  indistinct,  or  if  dis- 
tinct then  with  undulated  border  (Figs.  1,  2)  ; patella-tibia  I 
length/carapace  length  ratio  more  than  2.0  in  males  and  usually 
more  than  1.37  in  females  Pisaurina  mira 

Figures  1-12,  Color  patterns  of  the  dorsum.  Figs.  1-6,  Pisaurina  mira . 
1-5,  Female.  6,  Male.  Figs.  7-8,  P.  brevipes.  7,  Male.  8,  Female.  Figs. 
9-10,  P.  undulata.  9,  Male.  10,  Female.  Figs.  11-12,  P.  dubia.  11,  Female. 
12,  Male. 
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Pisaurina  mira  (Walckenaer) 

Figures  1-6,  13,  17,  18;  Map  1 

Dolomedes  mirus  Walckenaer,  1837,  Hist.  Natur.  Insectes  Apteres,  1:  357- 
358.  Female  holotype  Abbot  figure  no.  321.  Specimen  from  Georgia 
lost. 

Dolomedes  virgatus  Walckenaer,  1837,  Hist.  Natur.  Insectes.  Apteres,  1: 
358.  Female  holotype  Abbot  figure  no.  291.  Specimen  from  Georgia 
lost.  Synonymized  by  Montgomery,  1904,  Proc.  Acad.  Natur.  Sci.  Phil- 
adelphia, 56:  320-321. 

Micrommata  undata  Hentz,  1847,  Jour.  Boston  Natur.  Hist.  Soc.  5 : 192- 

193,  pi.  16,  fig.  7,  sex  unknown.  Holotype  from  Alabama,  destroyed. 
First  synonymized  by  Simon,  1898,  Hist.  Natur.  Araignees,  2:  295. 

Micrommata  serrata  Hentz,  1847,  Jour.  Boston  Natur.  Hist.  Soc.  5:  193, 
pi.  16,  fig.  8,  sex  unknown.  Holotype  from  North  Alabama,  destroyed 
Synonymized  with  Ocyale  undata  (Hentz)  by  Emerton,  1885,  Trans. 
Connecticut  Acad.  Arts,  Sci.,  6 : 499. 

Micrommata  marmorata  Hentz,  1847,  Jour.  Boston  Natur.  Hist.  Soc.  5: 
193-194,  pi.  17,  fig.  5,  female.  Holotype  from  North  Alabama,  de- 
stroyed. Synonymized  to  Pisaurina  undata  (Hentz)  by  Banks,  1910, 
Bull.  United  States  Nat.  Mus.,  72:  54. 

Micrommata  carolinensis  Hentz,  1847.  Jour.  Boston  Natur.  Hist.  Soc.  5: 

194,  pi.  16,  fig.  9,  (?)  immature  male.  Holotype  from  North  Carolina 
or  Alabama,  destroyed.  Emerton,  1875,  in  Hentz,  1875,  Occ.  Pap.  Bos- 
ton Natur.  Hist.  Soc.  2:  45,  pi.  20,  fig.  4,  $,  2.  Synonymized  to 
Ocyale  undata  (Hentz)  by  Emerton,  1885,  Trans.  Connecticut  Acad. 
Arts,  Sci.,  6 : 499. 

Micrommata  subinflata  Hentz,  1850,  Jour.  Boston  Natur.  Hist.  Soc.,  6: 
288,  pi.  10,  fig.  13,  (?)  female.  Holotype  from  South  Alabama,  de- 
stroyed. First  synonymized  by  Bishop,  1924,  Bull.  New  York  State 
Mus.  252:  25. 

Pisaurina  mira , -Simon,  1898,  Hist.  Natur.  Aaignees,  2:  295.  Comstock, 
1912,  The  Spider  Book,  p.  607,  figs.  683,  687,  691,  692.  Bishop,  1924, 
Bull.  New  York  State  Mus.  252:  23-29,  pi.  5,  6,  8-11,  $,  2.  Roewer, 
1954,  Katalog  der  Araneae,  2(a):  121-122.  Bonnet,  1958,  Bibliographia 
Araneorum  2:  3682-3683. 

Pisaurina  mira  var.  subinflata,- Bishop,  1924,  Bull.  New  York  State  Mus., 
252:  25,  pi.  7,  fig.  1,  pi.  9,  fig.  6,  2.  Bonnet,  1958,  Bibliographia 
Araneorum  2:  3683-3684. 

Pisaurina  subinflata,  -Roewer,  1954,  Katalog  der  Araneae,  2(a):  122. 

Diagnosis.  The  nearly  straight  anterior  row  of  eyes  clearly  dis- 
tinguishes this  species  from  P.  undulata  and  P.  dubia  which  have 
strongly  recurved  anterior  rows.  It  most  resembles  the  closely  re- 
lated P.  brevipes  in  general  body  form,  but  is  distinguished  from  it 
by  the  pattern  of  the  dorsum,  which  in  the  latter  species,  there  is 
on  the  abdomen,  a dark,  dorsal,  median  band  present  with  straight 
or  nearly  straight  borders,  and  there  are  light  dorsolateral  bands  with 
distinct  borders.  Additionally,  both  sexes  have  proportionally  longer 
legs  in  P.  mira. 
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Map  1.  Distribution  of  Pisaurina  mira  (Walckenaer) . 


Description . Carapace:  moderately  high.  Eyes:  anterior  row 

nearly  straight.  Legs:  (2-1-4) -3.  Abdomen:  moderately  long,  less 
than  twice  length  of  carapace,  often  notched  anteriorly.  Pattern: 
highly  variable,  ranges  from  distinct  dark  median  band  on  abdominal 
dorsum  with  undulating  margins  to  indistinct  median  band  with  two 
rows  of  lateral  spots.  Median  band  on  carapace  with  lateral  light 
areas  varying  in  distinctness.  (Figs.  1-6).  male.  Cymbium  mod- 
erately broad,  conductor  expanded  distally  with  long,  curved  spine 
retrolaterally ; median  apophysis  bifid;  embolus  quite  long,  thin,  arises 
proximally;  patella-tibia  I length/carapace  length  = AVE.  2.21 
(range  2.02-2.45).  (Fig.  13).  female.  Genitalia  as  in  Figs.  17, 
18;  patella-tibia  I length/carapace  length  = AVE.  1.50  (range 
1.34-1.62).  immatures.  Body  form,  pattern  similar  to  adults. 

Natural  history.  This  is  the  most  common  species  of  the  genus 
and  is  one  of  the  most  common  spiders  in  eastern  North  America. 
Correspondingly,  we  have  more  natural  history  data  pertaining  to  it 
than  any  other  Pisaurina  species. 
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According  to  collecting  notes,  females  and  immatures  are  most 
often  collected  while  sweeping  grass  and  shrubs.  All  stages  and 
sexes  were  collected  in  woods,  but  more  often  in  meadows  or  old 
fields.  Males,  apparently  more  prone  to  wandering,  are  collected  in 
various  kinds  of  pitfalls  and  traps.  Mature  males  were  collected 
primarily  in  May  and  June  with  fewer  records  in  April  and  July. 
The  earliest  records  are  one  in  early  February  for  Florida  and  two 
in  March,  one  for  Florida  and  one  for  Ohio.  The  latest  records  are 
in  November  for  Florida  and  in  September  for  New  York.  From 
the  large  collection  of  adult  females,  the  distribution  of  collection 
records  is  as  follows:  March  5%,  April  6%,  May  19%,  June 

33%,  July  23%,  August  10%,  and  September  4%.  The  latest  is 
a single  November  record  from  Michigan. 

The  construction  of  the  nursery  web,  which  is  similar  to  that  of 
Dolomedes,  is  given  in  detail  by  Bishop  (1924)  and  will  not  be 
reviewed  here.  From  personal  observation  and  collection  records, 
it  seems  that  the  nursery  is  almost  always  placed  in  high  weeds  or 
low  shrubs  in  the  ecotone  between  woods  and  adjoining  field  or 
meadow.  Egg  sacs  appear  in  the  collections  primarily  from  the 
months  of  June  and  July,  but  appear  as  early  as  April  and  as  late 
as  September. 

Distribution.  Eastern  North  America  from  Ontario  and  Quebec 
southward  to  central  Florida  and  the  Rio  Grande  Valley  of  Texas, 
and  westward  to  Minnesota,  Kansas,  and  Oklahoma.  (Map  1). 

Material  examined.  Eighty-seven  males,  208  females,  853  imma- 
tures. 

Discussion.  The  numerous  names  given  for  this  species  in  the 
past  can  be  attributed  to  the  extreme  variability  in  its  color  pattern. 
Some  of  these  dorsal  patterns  are  illustrated  (Figs.  1-5)  and  can  be 
placed  into  a continuum ; especially  is  this  true  for  the  abdomen.  In 
the  latter  case,  one  can  see  a very  distinct  dark  median  band  with 
lateral  light  areas  ( Fig.  1 ) which,  when  followed  through  the  series 
of  drawings,  appears  to  break  down  in  distinctness  while  the  undulat- 
ing white  stripe  breaks  up  into  a series  of  white  “dashes”  (Fig.  3) 
and  ultimately  into  a series  of  simple  white  dots  (Fig.  4).  The 
“subinflata”  (Fig.  5)  pattern  perhaps  indicates  an  extensive  break- 

Fi,gures  13-24,  Genitalia  of  species  of  Pisaurina.  Figs.  13-16,  Ventral 
views  of  male  right  palpi.  13,  P.  mira.  14,  P.  brevipes.  15,  P.  undulata. 
16,  P.  dubia.  Figs.  17-22,  Epigyna.  Figs.  17-18,  P.  mira.  17,  Ventral  view. 
18,  Dorsal  view.  19-20.  P.  brevipes.  19,  Ventral  view.  20,  Dorsal  view. 
21-22,  P.  undulata.  21,  Ventral  view.  22,  Dorsal  view.  23-24,  P.  dubia. 
23,  Ventral  view.  24,  Dorsal  view. 
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down  in  dark  areas  altogether  because  the  color  is  generally  very 
light  with  limited  dark  areas  on  the  dorsum  and  legs. 

Pisaurina  brevipes  (Emerton) 

Figures  7,  8,  14,  19,  20;  Map  2 

Pisaura  brevipes  Emerton,  1911,  Trans.  Connecticut  Acad.  Arts  Sci.,  1 6: 
400,  pi.  4,  fig.  6.  Female  holotype  from  Framingham,  Massachusetts; 
deposited  in  the  Museum  of  Comparative  Zoology,  examined. 

Pisurina  brevipes  -Bishop,  1924,  Bull.  New  York  State  Mus.,  252:  29-30, 
pi.  7,  fig.  2,  pi.  33,  fig.  5,  $.  Roewer,  1954,  Katalog  der  Araneae, 
2(a):  121.  Bonnet,  1958,  Bibliographia  Araneorum,  2:  3682. 

Diagnosis.  Pisaurina  brevipes  is  distinguished  from  P.  undulata 
and  P.  dubia  by  the  nearly  straight  anterior  eye  row  while  the  latter 
species  have  strongly  procurved  rows.  It  differs  from  the  closely 
related  P.  mira  by  having  a straight-bordered  median  dark  band  on 
the  abdominal  dorsum,  and  by  having  proportionally  shorter  legs. 

Description.  Carapace:  moderately  high.  Eyes:  anterior  row 
nearly  straight.  Legs:  (2-1-4) -3.  Abdomen:  moderately  long,  less 
than  twice  length  of  carapace,  often  notched  anteriorly.  Pattern: 
rather  homogeneous  with  distinct  submarginal  bands  on  carapace, 
dark  median  abdominal  band  with  straight  or  nearly  straight  borders 
adjoining  white  narrow  stripes,  distinct  dorso-lateral  light  bands 
adjoining  white  stripes;  general  color  in  darker  areas  reddish  brown 
(Figs.  7,  8).  male.  Cymbium  broad;  conductor  expanded  distally 
with  long,  curved  spine  retrolaterally ; median  apophysis  bifid  (Fig. 
14)  ; embolus  quite  long,  thin,  arises  proximally;  patella-tibia  I 
length/carapace  length  = 1.50  (only  2 specimens),  female.  Geni- 
talia as  in  Figs.  19,  20;  patella-tibia  I length/carapace  length  = 
ave.  1.25  (range  1. 13- 1.42).  immatures.  Body  form,  pattern  sim- 
ilar to  adults. 

Natural  history.  Nothing  is  found  in  the  literature  about  the 
biology  of  this  species;  however,  there  are  a few  notes  with  the  col- 
lections that  were  examined.  Of  three  males  in  the  collections,  one 
was  found  in  a meadow  and  one  in  a “prairie.”  Only  three  biologi- 
cal notes  were  found  with  the  females  and  were:  “prairie,”  “in 

bog  near  highway,”  and  “sweeping  in  swamp.”  The  two  notes  found 
with  the  immatures  were:  “walls  of  building”  and  “roadside  ditch.” 
With  this  paucity  of  information,  no  distinction  in  habitat  is  made 
between  this  species  and  the  closely  related  P.  mira. 

Two  of  the  males  were  collected  in  May;  one  in  Ohio  and  one  in 
Arkansas,  while  the  third  was  collected  in  Florida  on  the  fourth  of 
March.  Females  were  collected  throughout  the  warmer  season  be- 
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Map  2.  Distribution  of  Pisaurina  brevipes  (Emerton). 


ginning  with  an  early  record  in  Louisiana  in  middle  March  and 
ending  with  a late  record  in  November  for  Florida. 

Only  two  egg  sacs  were  found : one  from  Michigan  collected 
August  second  and  one  from  Florida  collected  November  second.  A 
note  in  a May  or  June  collection  from  Illinois  concerning  a nursery 
is  as  follows:  “The  large  specimen  had  a bell-like  web  on  or  near 
top  of  stems.  In  this  web  were  young.”  Thus,  the  nursery  is  appar- 
ently quite  similar  to  that  of  P.  mira. 

Distribution.  Eastern  North  America  from  Ontario,  Michigan, 
and  Massachusetts  southward  to  Louisiana  and  central  Florida,  and 
westward  to  Kansas  and  Arkansas. 

Material  examined.  Three  males,  29  females,  28  immatures. 

Discussion.  The  validity  of  this  species  has  been  the  subject  of 
some  confusion  as  can  be  seen  in  the  identifications  accompanying 
the  museum  collections.  Although  Bishop  (1924)  upheld  the  valid- 
ity of  the  species,  the  most  convincing  characters  for  this  point  of 
view,  however,  were  not  available  to  him  because  they  are  found  on 
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the  male  palpus,  and  apparently  no  males  were  in  the  collections 
which  he  examined.  Bishop  used  the  pattern  as  a distinguishing  char- 
acter, but,  although  valid,  it  appears  to  fit  well  into  the  range  of 
variation  of  P.  mira  and  therefore  seemed  rather  dubious.  He  also 
failed  to  take  note  of  one  of  Emerton’s  original  characters,  the  com- 
parative lengths  of  the  leg  I and  body,  which  when  converted  to  a 
ratio  between  the  patella-tibia  and  carapace  length,  proves  to  be 
statistically  valid. 

Only  three  males  are  known  to  exist  in  collections  and  are  in  the 
Exline-Peck  collection,  Ohio  State  University  museum,  and  the 
American  Museum  of  Natural  History. 

Pisaurina  undulata  (Keyserling) , new  combination 
Figures  9,  10,  15,  21,  22;  Map  3 

T etragonophthalma  undulata  Keyserling,  1887,  Verhandl.  K.  K.  Zool.-Bot. 
Wien.  37:  486-488.  Female  holotype  from  Archer,  Florida,  deposited 
in  the  American  Museum  of  Natural  History,  New  York,  examined. 
Thanatidius  duhius,  -Comstock,  1912,  The  Spider  Book,  pp.  605-606,  fig.  690, 
9.  (Misidentification) . 

Pelopatis  undulata,  -Bishop,  1924,  Bull.  New  York  State  Mus.,  252:  21-22, 
pi.  3-4.  Roewer,  1954,  Katalog  der  Araneae,  2(a):  117-118.  Bonnet, 
1958,  Bibliographia  Araneorum,  2:  3478. 

Diagnosis.  This  species  is  easily  distinguished  from  P.  mira  and 
P.  brevipes  by  the  strongly  recurved  anterior  eye  row  while  the  latter 
two  species  have  the  eye  row  straight  or  nearly  so.  Pisaurina  un- 
dulata differs  from  P.  dubia  because  in  the  former  species  the  width 
of  the  PME  exceeds  1.5  the  width  of  the  ALE,  while  in  the  latter 
species  the  ratio  is  less  than  1.5.  Additionally,  of  the  two  latter  spe- 
cies, only  P.  dubia  has  a triangular  group  of  white  hairs  projecting 
forward  from  the  area  between  the  AME.  However,  P.  undulata 
has  rows  of  prominent  curved  spines  in  the  eye  region.  The  genitalia 
of  the  latter  also  differ. 

Description.  Carapace:  wider  than  abdomen;  depressed;  rows  of 
curved  spines  behind  AME  and  on  side  of  clypeus.  Eyes:  anterior 
row  strongly  recurved ; ALE  near  margin  of  clypeus  and  prominently 
tuberculate.  Legs:  i-(4-2)-3.  Abdomen:  long,  cylindrical,  tapering 
posteriorly,  often  curved  downward.  Pattern:  variable;  carapace 
with  distinct  median  line,  alternating  light,  dark  longitudinal  bands; 
abdomen  with  median  band  varying  to  scattered  dark  spots  on  light 
background.  (Figs.  9,  10).  male.  Cymbium  moderately  broad;  con- 
ductor expanded  distally  with  a spine  retrolaterally ; median  apophy- 
sis bifid;  embolus  quite  long,  thin,  arises  proximally.  (Fig.  15)  fe- 
male. Genitalia  as  in  Figs.  21-22.  immatures.  Body  form,  pattern 
similar  to  adults. 
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Map  3.  Distribution  of  Pisaurina  undulata  (Keyserling) . 


Natural  history.  Pisaurina  undulata  is  apparently  the  species 
which  is  most  closely  associated  with  the  aquatic  habitat.  Collecting 
notes  with  the  material  examined  generally  indicate  that  this  species 
was  found  in  sweeps  around  bodies  of  water.  Other  notes  include 
“rows  of  seaweed  on  beach”  and  “sweeping  in  flatwoods.”  I have 
collected  a female  from  a small  pond  in  South  Carolina  where  it  was 
perched  head  down  on  a narrow  emergent  sedge  leaf.  Its  front  two 
pairs  of  legs  were  brought  together  and  projecting  forward  while  the 
rear  two  pairs  of  legs  brought  together  and  projecting  posteriorly; 
the  whole  spider  producing  a very  narrow  outline,  resembled  a rest- 
ing Tetragnatha , a genus  which  is  found  in  the  same  general  hab- 
itat. 

Adult  males  were  collected  only  during  the  months  of  June,  July 
and  August,  but  primarily  in  June.  Most  mature  females  were  col- 
lected from  June  to  September,  with  the  greatest  number  occurring 
in  the  last  two  months.  Three  records  from  March  and  April  are 
from  Florida.  Only  one  egg  sac  was  collected  and  was  from  Ala- 
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bama.  This  egg  sac  was  spherical,  white,  about  4 mm  in  diameter, 
and  thin  enough  to  clearly  see  the  eggs  inside.  Nothing  is  known 
concerning  nursery  construction  or  any  other  reproductive  behavior. 

Distribution.  Southern  coastal  plain  and  lower  piedmont  of  east- 
ern North  America  from  North  Carolina  southward  to  southern 
Florida  and  Cuba  and  eastward  to  Louisiana.  A single  immature 
specimen  from  Tecolutla,  Veracruz,  Mexico  was  found  in  the  Amer- 
ican Museum  of  Natural  History  collection.  (Map  3). 

Material  examined.  Eight  males,  31  females,  207  immatures. 

Pisaurina  dubia  (Hentz),  new  combination 
Figues  11,  12,  16,  23,  24;  Map  4 

T ho  mis  us  ? dubius  Hentz,  1847,  Jour.  Boston  Natur.  Hist.  Soc.,  5:  448^ 
pi.  23,  fig.  11,  sex  unknown.  Holotype  destroyed. 

Thomisus  ? tenuis  Hentz,  1847,  Jour.  Boston  Natur.  Hist.  Soc.,  5:  449,  pi. 

23,  fig.  12,  sex  unknown.  Holotype  destroyed.  NEW  SYNONYMY. 
Maypacius  floridanus  Simon,  1898,  Ann.  Soc.  Ent.  Belgique,  42:  14.  An 
immature  female  from  Florida  deposited  in  the  Museum  National 
d’Histoire  Naturelle  in  Paris,  examined.  NEW  SYNONYMY. 
Thanatidius  dubius,  -Bishop,  1924,  Bull.  New  York  State  Mus.,  252:  17,  18,. 
pi.  33,  fig.  2,  $.  Bishop,  1936,  Entomol.  News,  67:  242-243,  $.  Roe- 
wer,  1954,  Katalog  der  Araneae,  2(a)  : 125.  Bonnet,  1959,  Bibliographia 
Araneorum,  2:  4396. 

Thanatidius  tenuis,  -Bishop,  1924,  Bull.  New  York  State  Mus.,  252:  18-20, 
pi.  2,  fig.  1-5,  9.  Roewer,  1954,  Katalog  der  Araneae,  2(a):  126. 
Bonnet,  1959,  Bibliographia  Araneorum,  2:  4396. 

Thanatidius  floridanus,  -Roewer,  1954,  Katalog  der  Araneae,  2(a):  126. 

Diagnosis.  This  species  differs  from  the  other  members  of  the 
genus  by  having  a strongly  recurved  anterior  eye  row,  by  the  width 
of  the  ALE  which,  when  divided  by  the  width  of  the  PME,  equals 
more  than  1.5,  and  by  a triangular  group  of  white  hairs  between  the 
PME  which  are  directed  forward.  The  male  palpus  is  the  most  dis- 
tinctive in  the  genus. 

Description.  Carapace : depressed;  wider  than  abdomen;  tri- 

angular group  of  white  hairs  directed  forward  from  area  between 
PME.  Eyes:  ALE  near  margin  of  clypeus  and  prominantly  tuber- 
culate.  Legs:  (2-1) -4-3.  Abdomen:  long,  cylindrical,  and  tapering 
posteriorly  from  middle  of  its  length.  Pattern:  variable;  ranges 
from  pair  of  longitudinal  bands  on  carapace  which  converge  with 
V-shaped  abdominal  band  (Fig.  12)  to  more  diffuse  pattern  of  lines 
and  irregular  maculae  (Fig.  11).  male.  Cymbium  moderately  broad; 
conductor  expanded  distally  with  a spine  retrolaterally ; median 
apophysis  singular,  narrowed  distally;  tibial  apophysis  often  with  a 
spine  on  margin.  (Fig.  16)  female.  Genitalia  as  in  Figs.  23,  24. 
immatures.  Body  form,  pattern  similar  to  adults. 
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Natural  history.  The  only  natural  history  notes  with  males  are 
in  four  North  Carolina  collections  made  from  the  pitcher  plant, 
( Sarracenia  ftava  L.).  Of  a total  of  six  collection  notes  for  females, 
three  are  from  the  pitcher  plant  while  the  remainder  include  pine, 
Spanish  moss,  and  forest  litter.  Several  notes  from  collections  of 
immatures  typically  include  sifting,  Spanish  moss,  and  sweeping. 

Males  were  collected  during  May,  June,  and  July,  but  most  are 
from  June.  Females  were  collected  during  March  through  June, 
with  the  majority  from  the  latter  month.  Only  two  egg  sacs  were 
found  in  the  material  examined,  and  both  were  from  collections  made 
during  June.  Both  egg  sacs  were  5 mm  in  diameter  and  were  spher- 
ical with  a thin  white  covering  through  which  one  could  easily  see 
the  eggs  inside.  Nothing  is  known  of  nursery  construction  or  other 
reproductive  behavior. 

Distribution.  Southern  coastal  plain,  lower  Piedmont  of  eastern 
North  America  from  Maryland  southward  to  southern  Florida  and 
westward  to  Kansas  and  southern  Texas.  (Map  4). 

Material  examined.  Sixteen  males,  21  females,  106  immatures. 
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DECIDUOUS  WINGS  IN  CRICKETS: 

A NEW  BASIS  FOR  WING  DIMORPHISM 


By  T.  J.  Walker1 

Department  of  Entomology  and  Nematology 
University  of  Florida,  Gainesville  32601 

Dimorphism  in  wing  length  occurs  in  species  of  at  least  seven  in- 
sect orders  (Richards,  1961).  It  is  conspicuous  in  many  species  of 
crickets.  Crickets  with  the  folded  metathoracic  wings  extending  be- 
yond the  tegmina  are  termed  macropterous,  and  those  with  the  folded 
metathoracic  wings  covered  by  the  tegmina  are  termed  micropterous 
(Alexander,  1961,  1968).  Since  flying  crickets  — such  as  those  fly- 
ing to  light  traps  — are  always  macropterous,  it  seems  safe  to  con- 
clude that  micropterous  crickets  cannot  fly.  It  seems  probable,  though 
the  evidence  is  sparse,  that  macropterous  individuals  generally  do  fly 
and  that  wing  dimorphism  in  crickets  has  the  same  behavioral  cor- 
relation with  emigration  that  it  has  in  aphids  (Kennedy  and  Stroyan, 
1959). 

In  studying  three  species  of  short-tailed  cricket  (Anurogryllus)2, 
I noted  dimorphism  in  wing  length.  Most  specimens  had  no  visible 
metathoracic  wings  (i.e.  were  micropterous),  but  5%  of  those  of 
the  U.  S.  species  and  about  20%  each  of  two  West  Indian  species 
had  conspicuously  protruding  metathoracic  wings  (i.e.  were  macrop- 
terous). At  least  5 of  the  16  macropterous  West  Indian  specimens 
were  collected  at  light,  but  none  of  the  4 macropterous  specimens 
of  the  U.  S.  species  were.  Three  of  these  4 were  recently  molted 
specimens  from  a laboratory  colony  and  the  other  was  a teneral 
specimen  dug  from  its  burrow  in  the  field.  Obviously  none  had  ever 
flown.  In  studies  of  the  same  species  Weaver  and  Sommers  (1969, 
p.  338)  also  noted  macroptreous  teneral  specimens,  and  in  addition 
described  behavior  that  accounts  for  the  absence  of  macropterous  in- 
dividuals among  non-teneral  specimens:  “When  the  cricket  first 

transforms  into  the  adult  stage,  the  wrinkled,  whitish  hindwings 
extend  for  some  distance  beyond  the  posterior  edge  of  the  forewings 

Usually  within  24  hr  the  hindwings  are  broken  off  at 

the  base  and  eaten.” 

This  study  was  supported  by  NSF  Grant  GB-20749.  Florida  Agricul- 
tural Experiment  Station  Journal  Series  No.  4576. 

The  three  species  are  presently  known  as  A.  muticus  (De  Geer),  but 
they  will  be  given  distinctive  binomials  in  a paper  now  in  press  (Walker 
1973). 

Manuscript  received  by  the  editor  October  9,  1972 
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Prompted  by  these  clues,  I examined  more  than  20  “micropterous” 
specimens  of  each  of  the  three  species  of  Anurogryllus.  All  had 
wing  stumps  rather  than  short  wings.  I pulled  with  tweezers  on  one 
of  the  wings  of  an  alcohol-preserved,  non-teneral  macropterous  speci- 
men. The  wing  tore  loose  with  difficulty  but  left  a stump  like 
those  of  the  “micropterous”  specimens.  Apparently  all  the  specimens 
had  once  been  macropterous,  and  the  dimorphism  in  wing  length  in 
each  of  the  three  species  is  based  on  a dichotomy  in  wing  deciduous- 
ness rather  than  a dichotomy  in  wing  length  in  the  newly  formed 
adult. 

Discussion 

The  term  micropterous  is  inappropriate  for  crickets  with  the 
stumps  of  deciduous  wings.  The  term  dealated  has  been  used  for 
similar  cases  in  other  insects  and  seems  appropriate  here. 

So  far  as  now  known,  dealated  Anurogryllus  are  originally  ma- 
cropterous rather  than  micropterous,  but  since  wing  shedding  has  not 
been  observed  in  either  of  the  West  Indian  species,  the  length  of 
the  shed  wings  is  unknown.  Furthermore  the  timing  of  shedding  is 
not  known  for  the  West  Indian  species.  One  possibility  is  that  it 
occurs  only  in  teneral  adults,  as  in  the  U.  S.  species.  If  this  be 
the  case,  shedding  the  wings  could  depend  on  either  the  wings  being 
weakly  attached  to  the  stumps  or  on  wing-removing  behavior  or  on 
both.  If  some  or  all  teneral  adults  are  competent  both  to  retain  and 
to  shed  their  wings,  their  remaining  macropterous  or  becoming  de- 
alates  would  most  likely  be  an  adaptive  response  to  some  aspect  of 
their  environment.  For  example  a stimulus  associated  with  dense 
population  might  inhibit  wing  shedding  and  promote  emigration. 

A second  and  contrasting  possibility  concerning  the  timing  of 
wing  shedding  in  West  Indian  Anurogryllus  is  that  none  sheds  its 
wings  while  teneral  and  all  or  nearly  all  individuals  disperse  by 
flight  before  losing  their  wings.  Situations  analogous  to  this  possi- 
bility occur  in  termites,  ants,  and  perhaps  certain  zorapterans  ( Imms, 
1 957 ) * I know  of  no  case  analogous  to  the  first  possibility  (i.e. 
dimorphism  with  nonmigratory  individuals  shedding  potentially  func- 
tional wings).  Certain  Australian  roaches  of  the  genus  Panepthia 
are  apparently  like  the  U.  S.  Anurogryllus — -i.e.  all  individuals 
shed  well-developed  wings  shortly  after  the  final  molt  (Mackerras, 
1970;  p. 273). 

The  extent  to  which  crickets  other  than  Anurogryllus  have  decid- 
uous wings  is  unknown.  If  such  wings  were  characteristic  of  any 
of  the  species  in  which  wing  dimorphism  has  been  carefully  studied, 
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they  would  have  been  reported.  The  only  instances  known  to  me 
of  wing  shedding  in  crickets  other  than  Anurogryllus  are  in  Gryl- 
lus.  R.  D.  Alexander  (personal  communication  ca.  i960,  1972) 
told  me  he  had  seen  a Gryllus  bimaculatus  De  Geer  female  pull  off 
and  eat  the  wings  of  a courting  male.  In  handling  living  macrop- 
terous  G.  rubens  Scudder,  I have  noted  that  the  wings  occasionally 
detach  with  only  a slight  pull.  More  recently  I have  tried  pulling 
the  wings  from  alcohol-preserved  specimens  of  G.  rubens.  In  both 
macropterous  and  micropterous  individuals  the  wings  were  often 
easily  detached.  They  tore  just  distal  to  the  axillary  sclerites  and 
left  stumps  like  those  in  Anurogryllus.  These  specimens  had  been 
freshly  killed  within  the  first  week  of  adult  life  and  had  never 
flown.  Of  more  than  100  such  specimens  examined  none  was  al- 
ready dealated. 

Two  attributes  of  wing  shedding  that  have  probably  contributed 
to  its  evolution  are  ( 1 ) it  sometimes  aids  escape  from  predators  (cf. 
G.  rubens  escaping  from  my  grasp)  and  (2)  it  allows  functionless 
or  no-longer-functional  wings  to  be  eaten  (cf.  many  insects,  includ- 
ing crickets,  eating  their  exuviae,  apparently  to  nutritional  advan- 
tage). 


Summary 

In  three  species  of  Anurogryllus  that  are  superficially  dimorphic 
in  wing  length  all  “micropterous”  individuals  have  the  stumps  of 
longer  wings.  The  dimorphism  is  in  the  occurrence  of  wing  shed- 
ding and  is  not  known  to  correlate  with  a dimorphism  in  wing 
length. 
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ON  SOME  TERTIARY  SAWFLIES 
(HYMENOPTERA,  SYMPHYTA)  FROM  COLORADO 

By  A.  N.  Zhelochovtzev1  and  A.  P.  Rasnitsyn2 

Through  the  kindness  of  Professor  F.  M.  Carpenter  (Harvard 
University,  Cambridge,  Massachusetts)  we  have  managed  to  locate 
some  Tertiary  sawflies  originally  described  by  Professor  C.  T. 
Brues,  Professor  T.  D.  A.  Cockerell,  and  Dr.  S.  A.  Rohwer.  Since 
the  original  descriptions  and  illustrations  of  the  fossils  are  no  longer 
adequate  for  present  needs,  we  have  revised  the  descriptions,  pro- 
vided new  illustrations,  and  revised  the  taxomic  positions  of  the 
species.  The  drawings  have  been  made  by  A.  Rasnitsyn  and  most 
of  the  determinations  by  A.  Zhelochovtzev. 

We  are  indebted  to  Professor  Carpenter  for  his  help  in  locating 
this  material  and  for  providing  us  with  photographs  of  those  speci- 
mens which  could  not  be  loaned. 

Family  Xyelidae 
Megaxyela  petrefacta  Brues 
Figure  i 

Megaxyela  petrajacta  Brues,  1908:  271.  fig.  10  . 

The  distal  position  of  the  fork  of  SC,  the  straight  lower  margin 
of  imcu  cell  and  the  large  size  of  the  insect  confirm  the  membership 
of  this  species  in  Megaxyela  Ashmead.  The  species  apparently  differs 
from  all  Recent  species  of  the  genus  by  the  narrower  ovipositor, 
which  is  similar  to  that  of  Macroxyela  Kirby. 

Material  examined:  Holotype  No.  2049  (Musuem  of  Compara- 
tive Zoology,  Harvard  University),  Oligocene  of  Florissant,  Colo- 
rado. 

Family  Blasticotomidae 
Runaria  ostenta  (Brues)  comb.  nov. 

Figure  2 

Paremphytus  ostentus:  Brues,  1908:  265,  fig.  6;  Benson,  1942:  47. 

The  completely  reduced  4th  antennal  segment,  the  distal  position 
of  2m-cu  crossvein,  and  the  short  ovipositor  allow  us  to  include  this 
species  in  the  genus  Runaria  Malaise.  It  differs  from  Recent 
species  by  the  enlargement  of  the  head  behind  the  eyes. 

Zoological  Museum,  University,  Moscow,  U.S.S.R. 

’Palaeontological  Institute,  Academy  of  Sciences,  Moscow,  U.S.S.R* 

Manuscript  received,  by  the  editor  June  16, 1972 
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Figure  1.  Megaxyela  petrefacta  (Brues)  (holotype).  Cell  indexes  under- 
lined. (Scale  line,  5 mm). 
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Material  examined:  Holotype  No.  2042  (Museum  of  Compara- 
tive Zoology,  Harvard  University),  Oligocene  of  Florissant,  Colo- 
rado. 


Family  Argidae 

Sterictiphora  konowi  (Rohwer) 

Figure  3 

Schizocerus  konowi:  Rohwer,  1908b:  591. 

The  venation  of  this  species  is  very  similar  to  that  of  Sterictophora 
Billberg;  however,  it  differs  in  that  C is  not  dilated  towards  the 
top  and  by  having  a long  and  narrow  praescutum  bordered  by  broad 
furrows,  with  close  transverse  ribs  inside  them. 

Material  examamined:  Holotype  No.  4156  (Natural  History 

Museum  of  Colorado,  Boulder,  Colorado),  Oligocene  of  Florissant, 
Colorado. 


Family  Cimbicidae 
Eopachylostictia  byrami  (Cockerell) 

Figure  4 

Amasis  byrami:  Cockerell,  1925:  10,  pi.  2,  fig.  5. 

Eopachylostictia  byrami:  Malaise,  1945:  14. 

Genus  Eopachylostictia  was  established  by  Malaise  (1945)  for 
Amasis  byrami  Cockerell  mainly  on  the  basis  of  the  small  photograph 
in  Cockerell's  paper  of  1925.  A larger  and  clearer  photograph 
received  from  Professor  Carpenter  confirms  Malaise’s  interpretation 
of  the  features  of  this  fossil  insect. 

Material  studied:  Photograph  of  Holotype  No.  69181  (United 
States  National  Museum,  Washington),  Eocene  of  Green  River 
Shales,  Colorado. 


Family  Tenthredinidae 

Athalia  (?)  wheeleri  (Cockerell),  comb.  nov. 

Figure  5 

Eriocampa  wheeleri:  Cockerell,  1906:  500,  fig.  2. 

The  venation  is  similar  to  that  of  Athalia  Leach,  but  it  differs 
profoundly  by  the  strong  C of  the  fore  wing.  Other  Tenthredinidae 
with  such  a C (some  Selandriinae,  Nematinae,  etc.)  possess  quite 
a different  venation.  The  fossil  differs  sharply  from  Eriocampa 
Hartig  by  its  venation  (especially  in  the  region  of  the  base  of 
RS  + M)  and  by  the  smooth  thoracic  sclerites.  However,  too  many 
features  are  indiscernable  in  the  photograph  (and  probably  in  the 
holotype)  to  place  this  fossil  in  Athalia  with  confidence. 
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Figure  2.  Runaria  ostenta  (Brues)  (holotype).  (Scale  line,  5 mm). 

Figure  3.  Sterictiphora  konowi  (Rohwer)  (holotype).  (Scale  line,  5 mm). 
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Figure  4.  Eopachylostictia  byrami  (Cockerell)  (holotype).  (Scale  line, 
1 mm). 

Figure  5.  Athalia  (?)  wheeleri  (Cockerell)  (holotype).  (Scale  line, 
1 mm). 
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Material  examined:  Photograph  of  Holotype  No.  1 88 1 (Ameri- 

can Museum  of  Natural  History,  New  York),  Oligocene  of  Floris- 
sant, Colorado. 


Fenusa  parva  (Brues),  comb.  nov. 

Figures  6 & y 

Lithoryssus  parvus:  Brues,  1906:  492,  fig.  1;  1908:  272. 

Originally  this  was  placed  by  Brues  in  the  family  Orussidae,  but 
all  features  are  typical  of  Tenthredinidae  and  indeed  of  the  genus 
Fenusa  Leach  ( sensu  Ross,  1951).  The  fossil  differs  from  Nefusa 
Ross,  which  has  a similar  venation,  by  the  nearly  homonomous  basal 
segments  of  the  flagellum. 

Material  examined:  Specimens  No.  2051-2052  and  2054  (Mu- 
seum of  Comparative  Zoology,  Harvard  University),  determined 
as  Lithoryssus  parvus  by  Brues  and  noted  by  Brues  (1908); 
Oligocene  of  Florissant,  Colorado. 

Florissantinus  angulatus  gen.  nov.,  sp.  nov. 

Figure  8 

C moderately  swollen  before  pterostigma.  SC  in  form  of  a cross- 
vein before  the  junction  of  R and  M.  R + M long  (half  the  length 
of  the  cell  imcu).  Cell  2r  + 3r  narrow,  without  cross-vein  2r-rs. 
RS  between  cells  ir  and  2rm  developed.  Cross-veins  2r-m  and  3r-m 
are  not  preserved;  im-cu  converged  with  first  absciss  of  M to  the 
front  margin  of  the  wing.  2m-cu  sharply  bent  inward  of  cell  2mcu, 
probably  not  reaching  M.  Cross-vein  cu-a  a little  distal  of  the  middle 
of  cell  imcu.  Ai  and  A2  fused  for  a little  distance,  both  anal  cells 
closed.  In  hind  wings  cells  r,  mcu  and  cua  closed,  rm  perhaps 
opened.  Cross-vein  m-cu  oblique.  Ovipositor  as  long  as  mesonotum, 
ovipositor  sheath  seeming  to  form  5-angled-area,  narrowed  toward 
the  end.  Length  of  the  body,  4.5mm;  of  the  forewing,  4.3mm. 

The  completely  reduced  2r-rs,  converged  M and  im-cu,  the  ob- 
lique 2m-cu,  which  may  reach  M only  basally  of  2r-m,  and  the  form 
of  the  anals  indicate  that  this  insect  belongs  to  the  tribe  Nematini 
s.  str.  and  that  it  is  similar  to  Hemichroa  Stephens,  Platycampus 
Schiodte  and  Jnoplonyx  Marlatt.  However,  the  straight  M,  not 
bent  at  the  junctions  of  2r-m  and  2m-cu,  and  the  short  distance 
between  the  anal  cells  separate  it  from  these  genera,  a very  oblique 
2m-cu  apparently  from  all  the  Tenthredinidae. 

Material  studied:  Holotype  No.  2053  (Museum  of  Comparative 
Zoology,  Harvard  University),  Oligocene  of  Florissant,  Colorado. 
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Figure  6.  Fenusa  parva  (Brues)  (specimen  No.  2051-2052).  (Scale 
line,  2 mm). 

Figure  7.  Fenusa  parva  (Brues)  (specimen  No.  2054).  (Scale  line, 
1 mm). 
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Figure  8.  Florissantinus  angulatus  sp.  nov.  (holotype).  (Scale  line, 
1 mm). 

Figure  9.  Mesoneura  (?)  'vexabilis  (Brues)  (holotype).  (Scale  line, 
3 mm). 
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This  specimen  was  incorrectly  determined  by  Brues  as  belonging 
to  Lithorvssus  parvus  (1908:  272). 

Mesoneura  (?)  vexabilis  (Brues),  comb.  nov. 

Figure  9 

Scolioneura  vexabilis:  Brues,  1908:  262,  fig.  4. 

Lisconeura  vexabilis:  Rohwer,  1908a:  529  (Argidae,  Schizocerinae) . 

Venation  and  form  of  antennae  similar  to  those  of  Mesoneura 
Hartig.  M.  vexabilis  differs  from  recent  species  of  the  genus  mainly 
by  the  broader  radial  cell. 

Material  examined:  Holotype  No.  2039  (Museum  of  Compara- 
tive Zoology,  Harvard  University),  Oligocene  of  Florissant,  Colo- 
rado. 

Eohemichroa  gen.  nov. 

Figure  10 

Type  species  — Hemichroa  eophila  Cockerell,  1906:  Oligocene  of 
Florissant,  Colorado. 

First  segments  of  antenna  are  long  and  broad,  nearly  as  broad  as 
the  first  segment  of  hind  tarsus.  In  fore-wing  SC  occurs  before 
R + M,  the  latter  is  not  shorter  than  the  greatest  breadth  of  cell 
ir.  Cross-veins  2r-rs,  2r-m  and  3r-m,  as  well  as  RS  between  ir 
and  2rm  are  present.  2r-m  is  situated  far  behind  2m-cu,  im-cu  is 
almost  in  the  middle  between  the  base  of  RS  + M and  2m-cu.  RS 
and  M moderately  diverging  behind  2r-m,  almost  straight.  Cell 
1 a is  closed,  the  distance  between  it  and  2a  nearly  equal  to  a half 
of  the  cell  ia  length.  First  segment  of  hind  tarsus  long,  a little 
shorter  than  half  of  the  tibia. 

Venation  of  the  insect  is  very  similar  to  that  of  Hemichroa 
Stephens,  and  differs  only  by  the  shorter  distance  between  the  anal 
cells.  It  also  differs  from  Hemichroa  by  the  stout  antenna,  the 
long  first  segment  of  the  hind  tarsus  and  the  more  slender  body. 

Material  examined:  photograph  of  Holotype  No.  18919  of 

Hemichroa  eophila  Cockerell  (American  Museum  of  Natural  His- 
tory, New  York),  Oligocene  of  Florissant,  Colorado. 

Family  Pamphiliidae 

Acantholyda  (?)  caplani  (Cockerell),  comb.  nov. 

Figures  11  and  12 

Cephaleia  caplani:  Cockerell,  1933  : 186,  fig.  1. 

This  insect  differs  from  all  recent  Pamphiliidae  by  the  long  cells 
ir  and  imcu  (both  less  than  twice  as  long  as  their  widths).  It  also 
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Figure  10.  Eohemichroa  eophila  (Cockerell)  (holotype).  (Scale  line, 
3 mm). 

Figure  11.  Acantholyda  (?)  caplani  (Cockerell),  (combined  drawing 
from  specimens  No.  6307-6310).  (Scale  line,  10  mm). 
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Figure  12.  Acantholyda  (?)  caplani  (Cockerell)  (holotype).  (Scale 
line,  3 mm). 

Figure  13.  Neurotoma  cockerelli  (Rowher)  (holotype).  (Scale  line, 
3 mm). 
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differs  from  N eurotoma  Konow  by  the  narrow  pterostigma,  the  more 
developed  fore-branch  of  SC  and  the  slender  femora;  it  differs  from 
Pamphilius  Latreille  by  the  post-ocellar  area,  which  is  enlarged 
forward,  by  the  slender  femora  and  the  impressed  area  at  the  end 
of  the  last  sternite  of  the  female;  it  differs  from  Caenolyda  Konow 
mainly  by  the  short  fore  branch  of  SC.  It  is  more  similar  to 
Acantholyda  A.  Costa  and  Cephalcia  Panzer  but  it  cannot  be  in- 
cluded in  any  of  these  genera  with  confidence  since  the  main  diagnostic 
features  are  indiscernible  in  the  fossils.  The  small  flagella  seg- 
ments (smaller  than  the  scape)  of  the  fossil  are  more  like  those  of 
Acantholyda ; we  therefore  place  it  provisionally  in  this  genus. 

Figure  1 1 is  based  on  specimens  numbered  6307-6310;  figure  12 
is  based  on  the  photograph  of  the  holotype  (made  by  F.  M.  Car- 
penter) ; in  some  details  these  two  are  not  identical  but  the  differences 
may  be  related  to  defects  of  preservation. 

Material  examined:  photograph  of  Holotype  No.  18626  (Museum 
of  University  of  Colorado,  Boulder,  Colorado),  and  specimens  num- 
bered 6307-6310  (Museum  of  Comparative  Zoology,  Harvard 
University)  ; Oligocene  of  Creede,  Colorado. 

TA eurotoma  cockerelli  Rohwer 
Figure  13 

N eurotoma  cockerelli:  Rohwer,  1908a:  523. 

The  reduced  fore  branch  of  SC,  the  broad  pterostigma  and  the 
stout  femora  confirm  the  membership  of  this  species  in  N eurotoma 
Konow.  It  differs  from  recent  species  by  the  occurrence  of  fore 
branches  of  the  Y-shaped  suture  of  the  head. 

Material  studied:  photograph  of  Holotype  No.  18869  (Ameri- 
can Museum  of  Natural  History,  New  York),  Oligocene  of  Floris- 
sant, Colorado. 
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A NEW  ARGENTINE  SPECIES  OF  COCCYGOMIMUS 
(HYMENOPTERA,  ICHNEUMONIDAE)* 

By  Charles  C.  Porter 
Department  of  Biological  Sciences 
Fordham  University 
Bronx,  New  York  10458 

In  contrast  to  other  subdivisions  of  its  genus,  which  include  many 
well  known  and  abundant  species,  the  strictly  Neotropical  Albomar- 
ginatus  Group  of  Coccygomimus  comprises  insects  for  the  most  part 
elusive,  which  are  found  only  occasionally  even  in  those  areas  subject 
to  regular  collecting  both  by  hand  and  by  Malaise  traps.  For  this 
reason,  although  the  author  recently  published  a monograph  of  the 
South  American  Coccygomimus  (Porter,  1970),  it  was  expected 
that  new  species  of  the  Albomarginatus  Group  would  appear  as  field- 
work became  possible  in  previously  unexplored  regions.  Indeed, 
shortly  thereafter  both  sexes  of  an  undescribed  species  were  recovered 
from  a Malaise  trap  situated  in  virgin  subtropical  wet  forest  near 
Aguas  Blancas  in  northern  Salta  Province,  practically  on  the  Bolivian 
border.  The  present  contribution  describes  this  new  species,  dem- 
onstrating that  it  is  related  most  closely  to  C.  ramirezi  from  the 
yungas  near  La  Paz,  Bolivia. 

Coccygomimus  jakulicai  new  species 
(figs.  1,  2,4) 

Coccygomimus  ramirezi  Porter,  1970,  Studia  Ent.  13:  110,  male,  desc.,  fig., 
Argentina:  Posta  de  Lozano  in  Jujuy  (Tucuman).  Male,  doubtfully 
assigned  to  ramirezi,  not  conspecific  with  female  holotype. 

Holotype:  female,  Argentina  {Salta:  Campamento  Jakulica, 

40  km.  O.  Aguas  Blancas,  July-August  1970,  C.  Porter,  in  Malaise 
trap)  (Tucuman).  Paratypes:  2 males,  Argentina  {Jujuy:  Posta 
de  Lozano,  ca.  San  Salvador  de  Jujuy,  1600  m.,  March  31,  1969, 
C.  Porter;  Salta:  Campamento  Jakulica,  40  km.  O.  Aguas  Blancas, 
July-August  1970,  C.  Porter,  in  Malaise  trap).  (Porter,  Tucu- 
man). 

Female:  Color:  antenna  black;  head  shining  black;  mesosoma 
shining  black  with  yellowish  white  markings  as  follows:  broad  band 
on  much  of  front  margin  of  pronotum  laterally;  basally  broad  but 
apically  much  narrowed  band  on  most  of  lateral  part  of  dorsal  mar- 
gin of  pronotum ; pair  of  large,  triangular  marks  on  front  margin  of 

* Manuscript  received  by  the  editor  August  10,  1972 
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mesoscutum  in  position  of  notauli;  all  but  about  centro-exterior  1/3 
of  the  otherwise  brownish  tegula;  all  but  narrow  basal  margin  and 
about  apical  1/4-1/3  of  scutellum;  very  large,  irregularly  ovoid,  ver- 
tical blotch  on  mesopleuron  along  prepectal  carina;  most  of  upper 
4/5  of  hind-margin  of  mesopleuron  broadly;  and  a pair  of  very 
large  blotches,  one  centered  on  each  hind-corner  of  propodeum;  gas- 
ter  shining  black  with  complete  white  apical  bands  on  tergites  1-7, 
an  incomplete  white  apical  band  on  8,  some  pale  reddish  staining  on 
lateral  margins  of  4-6,  and  extensive  pale  reddish  staining  on  7 and 
8;  wings  practically  hyaline;  fore-leg  with  coxa  black  with  a very 
large  ventro-lateral  white  blotch  that  is  extensively  margined  with 
pale  reddish;  trochanter  black  with  dull  red  on  apex;  trochantellus 
dull  red;  femur  red  with  a broad  whitish  antero-dorsal  stripe  that 
extends  from  apex  about  2/3  of  the  way  to  the  base;  tibia  pale  red- 
dish with  considerable  dusky  staining  sub-basally  on  outer  side,  a 
whitish  stripe  throughout  below,  and  an  irregular  whitish  stripe 
above  which  is  considerably  broadened  sub-basally  on  inner  side;  and 
tarsus  dull  reddish  brown  with  the  apical  segment  dusky;  mid-leg 
with  coxa  pale  red,  a little  dusky  on  apex,  and  with  a large,  irreg- 
ular, lateral  and  latero-ventral  white  area;  trochanter  and  trochan- 
tellus red ; femur  red  with  a little  dusky  staining  on  apex ; tibia  with 
an  irregular  premedian  white  annulus  basad  of  which  it  is  blackish 
and  distad  of  which  it  is  mostly  dull  pale  red;  and  tarsus  dull  red- 
dish with  the  apical  segment  more  nearly  black;  hind-leg  with  coxa 
red  except  for  a little  dusky  staining  on  apex;  trochanter  and  tro- 
chantellus red  with  irregular  black  staining  on  trochanter;  femur  red 
with  black  staining  on  about  apical  1/10;  tibia  black  with  a little 
dull  red  staining  and  a short  premedian  white  annulus;  and  tarsus 
black  with  a little  dull  red  staining. 

Length  of  fore-wing:  7.1  mm.  Face:  shining  with  some  fine 

micro-reticulation  and  abundant,  rather  large,  mostly  subadjacent  to 
adjacent  punctures  that  become  densest  and  in  part  confluent  above. 
Clypeus:  apex  deeply  emarginate.  Temple:  0.73  as  long  as  eye  in 
lateral  view.  Malar  space:  0.9 1 as  long  as  basal  width  of  mandible. 

Mesoscutum:  a little  silky-shining  with  faint  micro-reticulation 

that  is  most  pronounced  basad  and  with  abundant,  medium  sized, 
subadjacent  to  adjacent  punctures  which  toward  base  are  densest  and 
partly  reticulo-confluent.  Scutellum:  high  and  convex,  lateral  carinae 
not  extending  beyond  base.  Mesopleuron:  surface  shining,  almost 
throughout  with  abundant,  medium  sized  to  rather  large,  subadja- 
cent to  adjacent  or  confluent  punctures  and  with  extensive,  but  not 
uniform,  moderately  fine  intercalated  wrinkling.  Metapleuron: 
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dully  shining,  on  upper  1/2  with  rather  coarse  puncto- reticulation 
in  which  the  punctures  are  more  or  less  discrete  but  on  lower  1/2 
becoming  more  regularly  obliquely  wrinkled  with  less  discrete  punc- 
tures. Wing  venation:  nervulus  a little  postfurcal.  Fore-tibia:  scarce- 
ly inflated. 

Propodeum:  moderately  elongate;  median  longitudinal  carinae 

weakly  suggested  because  the  central  area  of  the  basal  face  is  slightly 
concave  throughout ; lateral  longitudinal  carinae  scarcely  indicated ; 
pleural  carina  traceable  basad,  weak  and  irregular  apicad;  cristal 
angles  swollen,  in  form  broadly  low-pyramidal;  basal  face  shining 
with  moderately  fine  but  strong,  nearly  regular  transverse  wrinkling; 
apical  face  mostly  smooth  and  shining. 

1st  gastric  segment:  postpetiole  0.65  as  long  as  wide  at  apex; 

sternite  in  profile  with  a rather  low  but  sharply  broad-pyramidal 
elevation  sub-basally;  tergite  in  profile  with  a rather  high,  rounded 
hump;  dorsal  carinae  faintly  suggested  on  hump  and  for  a short  dis- 
tance rearward;  surface  of  postpetiole  a little  dully  to,  apicad,  more 
brightly  shining  and,  except  on  the  nearly  smooth  apical  1/4,  with 
fine,  irregular  to  transverse  wrinkling  and  with  some  intercalated 
micro-reticulation  as  well  as  a number  of  rather  large,  faint,  mostly 
well  separated  punctures.  Succeeding  tergites:  2 shining  with  well 
developed  fine  micro- reticulation  and  some  widely  scattered,  shal- 
low, inconspicuous,  medium-sized  to  moderately  large  punctures;  the 
following  tergites  similar  but  progressively  more  brightly  shining  and 
less  strongly  micro-reticulate.  Epipleura:  all  narrow  and  very  much 
longer  than  wide. 

Ovipositor:  extremely  short,  sheathed  portion  0.21  as  long  as 

fore- wing;  cylindro-compressed,  dorsal  valve  weakly  convex  on  tip. 

Male:  differs  from  female  as  follows:  Color:  scape  with  a 

small  white  blotch  near  apex;  tegula  almost  entirely  white,  except 
sometimes  for  a little  brownish  staining  on  apical  margin;  white 
blotches  on  hind-corners  of  propodeum  sometimes  even  larger 
than  in  female,  sometimes  prolonged  mesad  and  nearly  contiguous 

Fig.  1.  Coccygomimus  jakulicai,  lateral  view  of  mesosoma  showing 
color  pattern  (male). 

Fig.  2.  Coccygomimus  jakulicai,  lateral  view  of  hind  leg  (coxa  to  tibia), 
showing  color  pattern  (male). 

Fig.  3.  Coccygomimus  ramirezi,  lateral  view  of  hind  leg  (coxa  to  tibia), 
showing  color  pattern  (male). 

Fig.  4.  Coccygomimus  jakulicai,  dorsal  view  of  first  gastric  segment 
(female). 

Fig.  5.  Coccygomimus  ramirezi,  dorsal  view  of  first  gastric  segment 
(female). 
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apically;  gaster  with  scarcely  any  white  on  the  8th  tergite  and  prac- 
tically without  reddish  staining  even  toward  apex;  fore-leg  with  coxa 
sometimes  with  a small  dorso-lateral  white  blotch  on  apex  in  addi- 
tion to  the  ventro-lateral  white  area  and  a little  to  much  less  red- 
brown  staining  than  in  female;  trochanter  white  with  a broad  to 
very  broad  blackish  stripe  extending  throughout  above;  trochantellus 
dull  brown  to  orange  with  a more  or  less  distinct  white  blotch  be- 
low and  often  some  whitish  staining  elsewhere;  femur  more  orange- 
brown  than  in  female  and  with  the  antero-dorsal  white  stripe  broader 
and  extending  almost  throughout ; tibia  dull  white,  above  with  a small 
premedian  brown  blotch  and  some  more  or  less  well  developed  orange 
brown  or  orangish  tinging  elsewhere  and  below  broadly  pallid  orange 
brown  on  most  of  apical  2/3;  and  tarsus  with  segments  1-4  dull 
white  with  faint  brown  staining  on  apices  and  segment  5 dark  brown  ; 
mid-leg  with  coxa  even  more  broadly  white  than  in  female;  trochan- 
ter with  some  black  staining;  femur  with  blackish  staining  on  about 
apical  1/9 ; tibia  with  a very  broad  white  annulus  that  extends  from 
about  basal  1/6  to  apical  1/3,  more  or  less  blackish  brown  basad  of 
annulus  and  often  more  reddish  brown  behind;  hind-leg  with  coxa 
sometimes  with  a faint  whitish  stain  above  near  base;  femur  blackish 
stained  on  about  apical  1/6  to  a little  more  than  1/5;  tibia  black, 
practically  without  reddish  staining,  and  with  the  premedian  white 
annulus  a little  broader  than  in  female;  and  tarsus  more  intensely 
black  than  in  female,  with  a little  brownish  staining  only  near  base 
of  1st  segment. 

Length  of  fore-wing:  6. 2-6. 6 mm.  Face:  punctures  slightly 

coarser  and  denser  than  in  female,  mostly  adjacent  to  a little  con- 
fluent. Clypeus:  apex  practically  truncate.  Temple:  0.62-0.80  as 
long  as  eye  in  lateral  view.  Malar  space:  0.64-0.68  as  long  as  basal 
width  of  mandible. 

Mesopleuron:  with  the  punctures  coarser  and  more  generally 
reticulo-confluent  than  in  female.  Metapleuron:  with  definitely 
coarser  sculpture  than  in  female. 

Propodeum:  rather  low  and  elongate;  median  longitudinal  car- 
inae  sometimes  more  strongly  suggested  than  in  female;  cristal 
angles  even  more  pronouncedly  subpyramidal  than  in  female,  the 
lateral  longitudinal  carinae  sharp  and  high  between  cristae  and  hind- 
rim  of  apical  face;  strong  transverse  wrinkling  of  basal  face  becom- 
ing reticulate  and  mingled  with  more  or  less  distinct  large  punctures 
on  basal  1/2  of  lateral  field. 

1st  gastric  segment:  postpetiole  0.70-0.78  as  long  as  wide  at 

apex;  sub-basal  elevation  of  sternite  a little  blunter  than  in  female; 
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basal  3/4  of  postpetiole  duller  and  more  strongly  sculptured  than  in 
female,  with  coarser  micro- wrinkling  which  is  irregularly  trans- 
biased  on  central  field  but  more  reticulate  laterad,  as  well  as  with 
more  numerous  and  more  discrete  intercalated  punctures,  particularly 
on  lateral  field.  Succeeding  tergites:  2 rather  dully  shining  with 
strong,  reticulate  to  trans-biased  micro-wrinkling  and  abundant,  mod- 
erately large,  distinct  but  shallow  to  obscure,  mostly  adjacent  to 
confluent  punctures ; 3 and  4 similar  to  2 ; but  5-7  progressively 
more  shining  and  with  weaker  punctures  and  wrinkling. 

Types:  The  female  holotype  and  one  male  paratype  have  been 

deposited  in  the  collection  of  the  Miguel  Lillo  Institute,  San  Miguel 
de  Tucuman,  Argentina.  The  second  male  paratype  is  in  the  col- 
lection of  Charles  C.  Porter  (RFD  3,  Cambridge,  Maryland, 
U.S.A.). 

Discussion:  The  first  record  of  C.  jakulicai  was  a male  col- 

lected near  San  Salvador  de  Jujuy  during  March  of  1969,  and  in 
the  author’s  revision  of  the  South  American  Coccygomimus  (Porter, 
1970,  P*  no)  that  specimen  was  associated  tentatively  with  a Bo- 
livian female  therein  described  as  C.  ramirezi.  However,  subsequent 
discovery  of  a Saltenan  female  obviously  conspecific  with  the  male 
from  Jujuy  but  different  in  several  important  features  from  the  fe- 
male of  ramirezi  confirmed  that  this  Argentine  form,  although  closely 
related  to  the  Bolivian  Coccygomimus , must  be  regarded  as  distinct. 

Specifically,  jakulicai  may  be  distinguished  from  ramirezi  by  the 
following  characters  (see  figures  2,  3,  4,  and  5)  : 

Tegula  mostly  white  (instead  of  mostly  blackish)  ; gaster  apically 
with  extensive  reddish  staining;  ground  color  of  front  femur  red- 
dish (instead  of  brownish  black)  ; ground  color  of  fore-tibia  pale 
red  (instead  of  brownish  black)  ; hind-coxa  red  with  a little  dusky 
staining  on  apex  (instead  of  red  on  basal  1/2  and  black  on  apical 
1/2)  ; punctures  of  mesocutum  medium  sized  and  mostly  well  de- 
fined (instead  of  rather  small  and  in  large  part  very  superficial  and 
inconspicuous)  ; mesopleuron  and  metapleuron  more  coarsely  sculp- 
tured ; propodeum  less  elongate,  its  basal  face  with  rather  strong  and 
mostly  regular  transverse  wrinkling  (instead  of  with  generally  finer 
and  extensively  irregular  wrinkling)  ; postpetiole  0.65  (instead  of 
0.87)  as  long  as  wide  at  apex;  first  gastric  tergite  in  profile  with 
a rather  high  and  rounded  hump,  its  dorsal  carinae  faintly  suggested 
on  the  hump  and  for  a short  distance  rearward  (instead  of  with  a 
lower  hump  and  with  the  dorsal  carinae  well  defined  on  the  hump 
and  clearly  traceable  rearward  about  2/3  the  length  of  postpetiole. 
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on  which  they  enclose  a gently  concave  median  area)  ; and  ovipos- 
itor 0.27  (instead  of  0.15)  as  long  as  the  fore-wing. 

Another  member  of  the  Albomarginatus  Group  closely  related 
both  to  jakulicai  and  ramirezi  is  the  northwest  Argentine  C.  tafiae 
Porter,  but  females  of  that  species  easily  may  be  distinguished  from 
the  foregoing  because  they  have  the  subalarum  mostly  white,  the 
lower  hind-corner  of  the  mesopleuron  marked  with  a large  white 
blotch,  the  mesopleuron  normally  in  great  part  without  intercalated 
wrinkling  among  the  punctures,  the  fore-tibia  distinctly  inflated,  and 
the  ovipositor  0.32  (instead  of  0.1 5-0.21)  as  long  as  the  fore-wing. 
The  male  of  jakulicai  differs  from  that  of  tafiae  in  many  of  the 
same  characters  mentioned  for  the  female  and,  moreover,  may  be 
separated  by  reference  to  couplet  1 1 of  the  author’s  key  to  the  males 
of  South  American  Coccygomimus  (Porter,  1970,  p.  34)  where  it 
is  treated  under  the  name  “ramirezi” . 

Habitat  notes  : The  female  holotype  and  one  of  the  male  para- 

types  were  collected  by  a Malaise  trap  stationed  in  virgin  Selva 
Tucumano-Boliviana  at  about  400  m.  elevation  along  the  Rio  Pes- 
cado  approximately  40  km  west  of  Aguas  Blancas  in  Salta  Province. 
This  is  a very  humid  and  almost  tropical  zone,  without  recorded 
frosts  and  with  a short  but  definite  dry  season  which  becomes  most 
pronounced  between  August  and  October.  The  second  male  para- 
type  comes  from  Posta  de  Lozano,  an  area  of  mingled  Selva  and 
Chaco  biota,  located  18  km  north  of  San  Salvador  de  Jujuy  at  1600 
m.  elevation. 

Specific  name:  For  Dr.  Domingo  Jakulica. 
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RHYTHMS  AND  OTHER  BIOLOGY  OF 
THE  GIANT  TROPICAL  ANT  PARAPONERA 1 

By  Elwood  S.  McCluskey2  and  William  L.  Brown,  Jr.3 

Introduction  and  Field  Rhythm 
In  January,  i960,  the  authors  were  associated  in  a survey  of  the 
ants  of  Barro  Colorado  Island,  Canal  Zone.  A nest  of  Paraponera 
clavata  (Formicidae:  Ponerinae:  Ectatommini)  was  located  at  the 
base  of  a i-dm  tree  by  a flashlight  search  of  trees  after  dark.  One 
of  us  (ESM)  studied  the  rhythmic  activity  of  ants  from  this  nest  in 
the  field,  then  later  in  the  laboratory.  There  have  not  been  many 
laboratory  studies  of  rhythms  in  social  insects.  This  makes  it  impor- 
tant to  present  the  results  here,  even  though  only  a limited  number 
of  ants  could  be  observed. 

Near  dusk,  workers  were  seen  in  the  entrance  of  the  nest.  They 
soon  began  emerging,  so  that  by  the  time  it  became  almost  too  dark 
to  see,  a good  column  extended  a meter  up  the  trunk  and  from  there 
along  a vine  to  adjacent  saplings.  Night  counts  were  made  by  dim 
red  flashlight.  Figure  1 shows  the  number  out  on  the  trunk  and  vine 
within  2 m of  the  nest,  as  well  as  the  number  per  minute  passing  a 
given  point  on  the  vine.  Foraging  apparently  continued  through  the 
night,  though  no  observations  were  made  from  0100  through  0500. 
By  an  hour  or  so  after  dawn  the  number  of  workers  out  had  dropped 
to  zero,  and  only  rarely  was  one  seen  until  the  next  dusk. 

One  male  appeared  in  the  entry  one  evening  at  1830  just  before  it 
became  too  dark  to  see  in  without  a light.  Winged  females  were  seen 
elsewhere  at  a light  at  night.  Bequaert  (1926)  says  “the  males  ap- 
pear to  be  nocturnal  and  are  frequently  attracted  by  artificial  light.” 
We  knew  the  reputation  of  this  ant  as  a fierce  stinger  (see  Her- 
mann and  Blum,  1966,  for  review).  Nevertheless,  one  of  us  (ESM) 
got  stung  one  evening  while  kneeling  beside  the  nest  making  counts. 
The  sting  entered  the  leg  below  the  knee  through  the  stretched  cloth 
of  field  trousers,  and  for  the  next  two  hours  the  leg  felt  as  though 
it  had  been  struck  by  a heavy  club. 

Culture  and  Other  Observations 
Later  we  dug  out  the  nest  under  the  base  of  the  tree  to  a.  depth  of 

An  abstract  of  a part  of  this  work  was  given  by  McCluskey  (1964). 
departments  of  Physiology  and  of  Biology,  Loma  Linda  University, 
Loma  Linda,  CA  92354 

department  of  Entomology,  Cornell  University,  Ithaca,  N.Y.  14850 
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Fig.  1.  Worker  rhythms,  field  nest.  No./Minute  passing  each  way,  and 
No.  Out  (only  near  nest,  not  total  out  foraging).  Means  ± SE  are  based 
on  2-4  days  (Jan.  11-21)  for  No.  Out,  and  on  2-3  days  (Jan.  19-21)  for 
No./Minute;  thus  N = 2-4,  except  for  the  midnight  No./Minute  points 
based  on  only  1 night  (infinite  SE  shown  by  dotted  line).  One-way  analy- 
ses of  variance  (ANOVA’s)  indicate  the  various  hours  of  day  to  differ: 
Outward,  P<.001;  Inward,  P<.01;  No.  Out,  P<.30  (not  significant). 
Dawn  and  dusk  lines  drawn  at  times  when  first  or  last  barely  light  enough 
to  see  ants. 

a half  meter,  but  failed  to  reach  the  heart  of  the  nest,  since  we  found 
no  queen,  pupae  or  eggs.  Buckets  of  water  were  used  in  a futile 
attempt  to  drown  the  ants  out.  About  ten  half-grown  larvae  were 
seen  and  collected,  as  well  as  several  winged  males  and  females. 
Three  to  four  hundred  workers  were  collected,  and  at  least  another 
hundred  were  seen.  Bequaert  (1926)  mentions  a nest  that  contained 
500  workers.  Mann  (1916)  says  the  colonies  are  small. 

We  placed  the  ants  one  by  one  with  forceps  into  tall  narrow- 
necked  bottles.  The  man  who  stood  guard  and  held  the  bottle  not 
only  kept  the  lid  poised  for  immediate  capping,  but  also  kept  the 
ants  shaken  down  from  near  the  top;  because,  unfortunately,  though 
2 cm  long  the  ants  could  climb  the  glass  readily.  For  transport  they^ 
were  put  into  a gallon  jar  mostly  filled  with  leaves. 
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Upon  return  to  Harvard  the  ants  were  placed  in  a glass-covered 
wooden  box  i m X 0.6  m X o.i  m deep  in  E.  O.  Wilson’s  labora- 
tory. In  the  box  was  a nest  chamber  made  by  Wilson  (1962),  with 
inside  diameter  of  about  2 dm  and  depth  of  2 cm ; constant  moisture 
was  applied  on  the  center  of  the  nest  floor  by  a large  wad  of  cotton 
serving  as  a wick  from  a continuous  column  of  water  through  a tube 
from  a bottle  outside  the  box.  The  ants  were  offered  mealworms, 
roaches,  Drosophila  cultures,  egg  yolk,  and  sugar  water,  the  last 
being  taken  the  most  readily.  There  was  much  restless  activity.  Mor- 
tality was  high,  so  that  after  a month  or  two  there  were  only  about 
ten  workers  and  one  larva  left.  None  of  the  larvae  matured  no- 
ticeably. 

Efforts  were  made  to  get  a dealate  queen  that  had  been  taken  near 
a light  on  Barro  Colorado  Island  to  start  a colony.  First  she  was  put 
into  a small  Incite  nest,  but  with  little  success.  Then  several  of  the 
larvae  from  the  above  described  colony  were  placed  with  her,  and  she 
seemed  to  accept  them.  They  appeared  to  remain  in  good  condition 
for  several  weeks,  but  did  not  mature.  When  single  workers  were 
placed  with  her  she  grabbed  them  with  her  mandibles  and  hung  on 
continuously.  Later  she  was  confined  in  a petri  dish  with  10  workers 
for  two  days;  there  was  then  seeming  harmony,  so  she  was  put  in 
with  the  main  group  of  workers.  There  was  no  hostility  evident ; but 
neither  was  there  progress  in  colony  formation.  When  most  of  the 
ants  had  died,  she  and  the  remainder  were  put  into  an  aquarium  half 
full  of  moist  earth.  They  tunneled  incessantly;  a few  survived  sev- 
eral more  weeks. 

In  the  field  we  had  seen  workers  descending  the  branches  with 
liquid  droplets  suspended  between  their  mandibles,  as  has  been  re- 
ported by  Weber  (1946)  for  another  ant  in  the  same  tribe,  Ecta- 
tomma  tuberculatum.  Honeybees  manipulate  nectar  with  their 
mouthparts  when  concentrating  it.  At  the  same  time  enzyme  from 
the  bee  digests  sucrose  in  the  nectar.  It  was  therefore  of  interest 
to  check  for  digestion  of  these  droplets  by  Paraponera.  This  was 
done  by  Nevin  Weaver  and  E.  O.  Wilson  in  Wilson’s  laboratory, 
and  they  kindly  made  available  the  following  unpublished  results: 

One-molar  sucrose  was  presented  to  the  ants  in  a capillary  tube. 
They  held  the  solution  between  their  mandibles,  definitely  agitating  it 
with  their  glossae  (egg  yolk  became  frothy  under  the  same  condi- 
tions). Though  the  droplets  slowly  disappeared,  they  were  not  no- 
ticeably smaller  until  after  40  min.  Of  the  six  ants  left  undisturbed 
until  the  end  of  2 hr,  only  one  still  had  a droplet  large  enough  for 
sampling.  A droplet  of  solution  was  removed  with  a capillary  from 
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between  the  mandibles  of  one  ant  after  40  min,  from  another  at  1 
hr,  and  from  the  final  one  at  2 hr.  Each  of  the  three  samples  was 
chromatographed  on  a paper  strip.  Only  sucrose  could  be  detected, 
indicating  that  there  had  been  no  digestion. 

Rhythms  in  Room  Conditions 

The  main  laboratory  lights  were  on  from  0800  to  2000.  There 
was  very  dim  artificial  light  in  the  distance  during  the  night.  The 
temperature  of  the  laboratory  was  relatively  stable  (25-30°C). 

The  whole  box  including  the  nest  chamber  was  darkened,  and  a 
tube  led  to  an  arena  box  of  equal  size  exposed  to  the  light-dark  cycle. 
Figure  2 shows  the  number  of  workers  at  each  time  of  day  in  the 
arena  and  in  the  nest  chamber.  Also  plotted  is  the  level  of  activity 
(“activity  index”)  at  each  observation.  Both  the  number  in  the 
arena  and  the  level  of  activity  reached  a peak  twice  a day:  just  be- 
fore the  lights  came  on  (a  little  light  entered  around  the  window 
shades  for  an  hour  or  two  before  the  lights  came  on),  and  during 
the  last  hour  before  the  lights  went  off.  At  the  times  of  peak  num- 
ber out  in  the  arena,  the  ants  were  also  the  most  active,  running 
about  the  box  and  even  jumping  — a striking  sight. 

For  comparison  is  shown  the  prominent  rhythm  of  appearance  out- 
side the  nest  of  male  Argentine  ants,  Iridomyrmex  humilis.  They 
were  from  a colony  of  Wilson’s  elsewhere  in  the  same  room  on  the 
same  days.  Males  of  this  species  come  out  only  during  the  last  of 
the  light  period,  as  previously  shown  for  another  colony  (McClus- 
key, 1958). 


Rhythms  in  Controlled  Conditions 
Some  of  the  ants  were  transferred  to  a darkroom  for  observation  in 
constant  temperature  (Feb.  3-Mar.  11,  270  dz  i°C;  Mar.  12-Apr.  I, 
28°  ± i°C)  and  more  completely  controlled  lighting.  There  was 
fluorescent  light,  400  lux,  for  12  hours  daily;  clear  ruby  light  dur- 

Fig.  2.  Worker  rhythms,  room  conditions  (also,  at  top  of  figure,  Iridomyr- 
mex male  rhythms  elsewhere  in  same  room).  One  nest  containing  50 
Paraponera  workers.  Means  ± SE  are  based  on  3-5  days  (Feb.  4-19)  for 
Activity  Index,  and  on  3-8  days  (Feb.  3-19)  for  No.  in  Arena  or  Chamber 
(3-5  days,  Feb.  4-18,  for  Iridomyrmex) . ANOVA’s  give  P<.001  for  each 
rhythm  shown.  To  give  a more  complete  picture,  first  count  after  mid- 
night is  repeated  in  each  case.  “Dawn”  (solid)  and  “dusk”  (dashed)  lines 
show  when  room  lights  were  turned  on  and  off.  Activity  Index:  4,  very 
active  or  jumping;  3,  active;  2,  moderate;  1,  fairly  slow;  0,  slow  or  quiet 
(“intense”  includes  only  levels  4 and  3). 
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ing  the  dark  hours  and  continuously  during  the  constant  darkness 
(DD)  that  followed  the  days  of  alternating  light  and  darkness 
(LD).  Counts  were  not  begun  until  the  ants  had  been  installed  for 
at  least  a day,  as  well  as  in  the  appropriate  LD  cycle  for  many  days. 

Ants  were  placed  in  a circle  of  clear  plastic  tubing  that  included 
at  one  point  a clear  plastic  chamber  with  cotton-plugged  test  tubes 
of  water  and  of  sugar  water  inverted  through  its  roof.  The  cham- 
ber, with  tubes,  was  covered  with  an  orange  plexiglass  box  to  simu- 
late the  darkness  of  a natural  nest  (McCluskey,  1963).  An  adjacent 
capacitance-operated  relay  recorded  each  pass  of  an  ant  through  a 
certain  point  (“tunnel”)  in  the  circle  of  tubing. 

In  these  LD  conditions  a group  of  three  males  in  one  unit  dis- 
played a prominent  activity  rhythm,  the  highest  counts  being  in  the 
first  part  of  the  dark  period  (Fig.  3 and  5A).  Another  counter 
assembly  became  available  to  obtain  records  for  a single  winged  fe- 
male simultaneous  with  the  last  day  of  LD  for  the  males  (Fig.  3). 
There  was  almost  no  female  activity  during  the  middle  of  the  light 
period,  as  shown  more  fully  later  (Fig.  5B).  The  rhythms  of  the 
males  and  of  the  female  both  appeared  to  persist  for  several  days  of 
DD  following  ( Fig,  3 ) . Then  the  light  was  turned  back  on  once  for 
12  hours  but  2000-0800  instead  of  0800-2000  as  during  the  LD 
before  DD.  What  appears  to  be  a corresponding  shift  in  phase  of 
the  ant  rhythms  is  seen;  e.g.,  the  original  “daytime”  lows  now  be- 
came the  highs. 

Nearly  a month  later  it  was  possible  to  get  a more  complete  LD 
record  followed  by  another  DD  series  for  the  same  female  (Fig.  4). 
In  this  case  spot  eye  observations  of  the  activity  level  were  made 
also,  shown  by  the  curve  under  the  histogram.  This  rhythm  is  seen 
to  be  a close  match  for  the  machine-monitored  one.  The  highest 
activity  occurred  before  and  after  dawn  and  dusk,  with  no  activity 
during  midday.  Again  there  was  evidence  for  persistence  of  rhythm 

Fig.  3.  Persistence  of  rhythm  in  male  and  in  female  in  DD.  Number 
of  passes  per  hour  (4-hr  ,ave)  through  tunnel.  One  group  of  3 males  in 
a nest,  1 winged  female  in  another  unit.  Successive  days  shown  one  be- 
low the  other:  LD,  days  preceding  and  including  Feb.  8;  DD,  Feb.  9-12 
and  15-18;  hours  of  light  shown  by  open  bars  Feb.  8 (0800-2000)  and 
Feb.  13  (2000)  -14  (0800).  Dawn  line  (solid)  and  dusk  line  (dashed) 
are  continued  down  through  days  of  DD  merely  as  a point  of  reference. 
The  LD  high  of  males  at  beginning  of  night  seems  to  persist  in  DD,  with 
a shift  to  morning  after  exposure  to  light  through  night  of  Feb.  13-14. 
The  characteristic  morning  drop  in  LD  activity  of  female  (see  also  Fig. 
5B)  seems  to  persist  here  in  DD,  with  a shift  to  evening  drops  after  the 
night  light  Feb.  13-14. 
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Fig.  4.  Rhythms  of  female  and  of  workers,  with  persistence  in  femiale. 
Open  bars  show  hours  of  light  on  last  days  of  LD  (Mar.  13-14)  ; DD 
thereafter.  FEMALE:  Same  ant  as  in  Fig.  3;  Tunnel  Count  per  hour  (2- 
hr  ave)  (histogram),  and  Activity  Index  (2,  active;  1,  walking  or  other 
moving;  0,  quiet);  note  prominent  morning  drop  in  activity,  and  per- 
sistence in  DD.  WORKERS:  One  group  of  10  in  a 2-chambered  nest; 
Activity  Index  (4,  very  active;  3,  active;  2,  moderately  active;  1,  slow; 
0,  quiet)  ; note  high  activity  level  through  day  and  low  at  night,  and  seem- 
ing lack  of  persistence  in  DD  (ants  plugged  connecting  tube  with  cotton 
March  18,  preventing  record  then). 
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in  DD,  here  through  two  different  types  of  assay.  Internal  timing 
is  implied  in  LD  by  the  rise  before  dawn  or  dusk  signals  (Fig.  4 
and  5B) . 

At  the  same  time  a group  of  10  workers  in  one  two-chambered 
nest  were  observed  by  eye.  Each  chamber  was  a clear  plastic  box 
about  10  cm  in  diameter  and  depth.  One  chamber  was  darkened 
and  had  water  and  sugar  water  provided ; the  other  served  as  an 
arena,  dry  and  fully  exposed  to  the  light  cycle.  The  activity  level 
was  high  during  the  light  period,  and  low  during  the  dark  period 
(Fig.  4 and  5D).  The  simultaneously-observed  rhythm  of  number 
out  in  the  arena  was  similar  in  form,  though  less  prominent  (Fig. 
5D).  There  was  no  evidence  of  persistence  of  activity  rhythm 
(Fig.  4)  or  arena  rhythm  (not  shown)  in  DD,  though  the  data  are 
too  brief  to  be  conclusive. 

When  either  capacitance  counter  assembly  became  available,  a 
single  worker  was  placed  in  it  for  counts.  This  was  done  for  three 
different  individuals.  There  were  problems,  such  as  the  ant  pulling 
out  the  cotton  from  one  of  the  tubes  and  flooding  the  chamber.  Fig. 
5C  combines  all  the  records  that  were  obtained  when  the  conditions 
were  tolerably  satisfactory.  There  appear  to  be  peaks  of  activity 
during  the  first  and  last  parts  of  the  light  period. 

Discussion 

It  should  be  stressed  that  conclusions  apply  only  to  the  particular 
specimens  studied,  since  replication  consisted  mainly  of  different 
days  for  the  same  ant  or  group,  rather  than  of  separate  ants  or  groups. 

In  the  field  in  January  the  ants  of  this  colony  were  crepuscular 
and  nocturnal  in  their  appearance  outside  the  nest  (Fig.  1).  In 
room  conditions  the  workers  appeared  out  in  the  arena  especially 
around  laboratory  dawn  and  dusk,  and  their  activity  level  also  peaked 
strikingly  at  these  two  times  (Fig.  2).  In  LD  there  were  moderate 
tunnel  activity  peaks  at  the  beginning  and  end  of  the  light  period, 
but,  surprisingly,  number  out  in  the  arena  and  especially  activity 
index  were  both  much  higher  through  the  light  period  than  the  dark 
(Fig.  5D).  Why  this  contrast  with  the  field,  where  the  ants  were 
not  seen  out  during  the  day? 

Among  other  possibilities,  several  suggest  themselves.  The  ants 
were  in  extremely  artificial  nests  — no  dirt,  no  queen,  etc.  There 
was  less  of  a temperature  cycle  in  the  laboratory  than  outside,  and 
the  light  was  dimmer  than  even  in  the  forest  conditions.  Further, 
the  gradual  dawn  and  dusk  of  the  field  might  be  important  in  phas- 
ing the  activity,  as  it  is  in  certain  mammals  (Kavanau,  1967). 
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Finally,  the  ants  in  the  field  were  observed  only  for  a few  days  and 
in  only  one  season;  perhaps  they  differ  at  other  times.  However,  a 
predominantly  crepuscular-nocturnal  timing  in  the  field  is  supported 
by  observations  of  WLB  made  in  Costa  Rica  in  1966  and  in  the 
Amazon  Basin  in  1967  and  1971,  and  by  Hermann  and  Blum’s 
(1966)  statement  that  they  collected  Paraponera  “in  the  evenings, 
just  before  ants  left  their  nests  to  forage  during  the  night.”  In  con- 
trast is  a very  brief  statement  by  Mann  (1916):  “In  habit  it  is 
diurnal.” 

Males,  females,  and  workers  were  all  studied  in  LD  and  in  DD, 
each  caste  in  isolation  from  the  others.  This  permits  a comparison 
of  their  inherent  rhythmicity.  In  LD  (Fig.  5)  the  males  were  active 
at  night,  especially  the  first  hour,  and  inactive  throughout  the  light 
period.  The  one  female  was  active  especially  before  and  after  the 
lights  went  off  and  from  late  night  through  the  first  hour  of  the 
light.  The  peaks  for  the  workers  were  within  the  light  period.  In 
DD  (Fig.  3 and  4)  there  was  evidence  for  persistence  of  rhythm 
in  the  males  and  the  female,  but  not  the  workers.  Thus  there  was 
an  interesting  contrast  in  timing  between  the  castes.  However,  the 
limited  number  of  specimens  studied  precludes  pressing  this  conclu- 
sion very  far. 

In  the  same  darkroom  the  same  year,  a striking  difference  in  phase 
relationship  was  demonstrated  between  males  and  workers  of  another 
ant,  Carnponotus  clarithorax  (McCluskey,  1965).  The  males  were 

Fig.  5.  Rhythms  of  males,  of  female,  and  of  workers  in  LD,  records 
for  all  available  days  combined.  Means  ± SE  are  based  on  different  days 
as  replicates  except  in  (C)  where  different  ants  are  the  replicates.  Tun- 
nel count  (histograms)  and  Arena  count  converted  to  hourly  percentage  of 
24-hour  total  before  deriving  mean,  SE,  and  ANOVA.  One-way  ANOVA’s 
give  P<.001  for  each  of  the  six  rhythms  shown  except  for  Arena  (<.05). 
For  the  point  plots  the  first  count  after  midnight  is  repeated.  Bar  at  top 
indicates  light  on  12  hr  from  vertical  dawn  line  (solid)  until  dusk  line 
(dashed).  A)  Same  group  of  3 males  as  in  Fig.  3;  N ==  4-5  days  (Feb.  3- 
9);  graph  in  McCluskey  (1965)  based  on  same  data.  B)  Same  female  as 
in  Fig.  3 and  4;  Tunnel,  N = 9 days  (Feb,  8-9,  Mar.  2-4  & 8-15)  ; Activ- 
ity, N = 4-6  days  (Mar.  8-15)  (activity  index  as  in  Fig.  4).  Note  rise 
before  dawn  (ANOVA  of  last  6 hr:  Tunnel,  P<.01;  Activity,  P •=  .05) 
and  before  dusk  (Tunnel,  P<C-001 ; Activity,  P<.001).  C)  Three  workers, 
each  housed  singly  in  a separate  recording  assembly;  one  of  the  three  is 
based  on  1 day  of  records  (Mar.  10-11),  another  on  2 days  (Mar.  30- 
Apr.  1),  and  the  third  on  4 days  (Mar.  30-Apr.  1 & Apr.  11-12),  but 
only  the  average  was  used  for  each  hour  where  there  was  more  than  1 
day  of  records;  thus  N = 3 ants.  D)  Same  group  of  10  workers  as  in 
Fig.  4;  Activity,  N — 3-4  days  (Mar.  10-15)  (activity  index  as  in  Fig. 
4)  ; Arena,  N — 4-5  days  (Mar.  9-15). 
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active  only  during  the  first  half  of  the  light  period,  whereas  the 
workers  were  active  only  through  the  night.  In  Iridomyrmex  humilis 
in  LD  the  males  come  out  only  for  the  last  hours  of  the  light  period, 
whereas  workers  are  seen  out  at  all  hours  (McCluskey,  1963)  ; in- 
side the  nest,  however,  males  are  active  at  least  throughout  the  day- 
light hours  (McCluskey,  1965).  In  V eromessor  andrei , the  males 
are  active  mainly  around  the  dawn  in  LD  (McCluskey,  1958),  the 
peak  for  the  females  is  then  but  activity  is  spread  over  many  hours 
(McCluskey,  1967),  whereas  the  broad  peak  for  the  workers  is 
around  dusk  with  activity  spread  over  many  hours  (McCluskey, 
1963,  and  unpublished). 

The  nature  of  the  caste  difference  in  rhythm  deserves  further 
study  with  respect  to  its  import  for  both  comparative  and  social  be- 
havior, as  well  as  for  interaction  with  the  natural  cyclic  environment. 

Summary 

Few  laboratory  studies  of  circadian  rhythms  have  been  made  in 
social  insects.  Ants  from  one  nest  of  Paraponera  clavata  were  studied. 
In  the  field  on  Barro  Colorado  Island  they  emerged  regularly  at 
dusk  and  apparently  foraged  until  dawn.  In  an  artificial  nest  in 
room  conditions  they  displayed  striking  dawn  and  dusk  peaks  of  ac- 
tivity and  of  number  out  in  the  arena.  In  a darkroom  in  constant 
temperature  and  alternating  light  and  dark,  they  were  diurnal  rather 
than  crepuscular-nocturnal.  In  the  same  conditions  a winged  female 
in  one  counter  assembly  and  a group  of  three  males  in  another  were 
each  nocturnal,  the  males  being  especially  active  the  first  hour  of 
darkness,  and  the  female  active  at  the  first  and  last  ends  of  the  light 
period  as  well.  Both  male  and  female  rhythms  persisted  in  constant 
darkness,  whereas  worker  rhythms  did  not  perisist,  at  least  in  these 
brief  experiments.  The  nature  of  the  caste  difference  in  rhythm 
deserves  further  study. 

Collection  and  culture  observations  are  noted.  Foragei'9  in  the 
field  return  with  droplets  between  their  mandibles.  Ants  tested  in 
the  laboratory  with  sugar  solution  showed  no  mouth  digestion  of 
sucrose  like  that  in  the  honeybee. 
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OECOPHYLLA  LONGINODA , AN  ANT  PREDATOR 
OF  ANOMMA  DRIVER  ANTS 
(HYMENOPTERA:  FORMICIDAE) * 

By  William  H.  Gotwald,  Jr. 

Department  of  Biology,  Utica  College  of  Syracuse  University 
Utica,  New  York,  13502 

Ants  of  the  subgenus  Anomma,  one  of  6 subgenera  composing  the 
genus  DoryluSj  are  commonly  referred  to  as  “driver  ants.”  The 
driver  ant  receives  its  name  apparently  because  it  “drives  everything 
before  it  capable  of  muscular  movement,  so  formidable  is  it  from  its 
numbers  and  bite  . . .”  (Savage,  1847).  Of  the  Dorylus  subgenera, 
Anomma  is  most  conspicuous.  Its  species  are  aggressive,  primarily 
epigaeic  foragers  (i.e.  surface  adapted  as  opposed  to  subterranean) 
with  colonies  consisting  of  up  to  22  million  individuals  (Raignier 
and  van  Boven,  1955).  Although  the  ferocity  of  the  Anomma 
driver  ants  has  been  fictionalized  and  tales  of  their  behavior  are  in- 
corporated into  African  folklore,  their  pugnacity  has  been  repeatedly 
documented  (Loveridge,  1922;  Raignier  and  van  Boven,  1955; 
Savage,  1847,  1849;  Wheeler  1910,  1922).  The  driver  ants  have 
also  been  described  as  clearly  dominant  animals  (Weber,  1943). 
Without  a doubt,  they  appear  as  efficient  predators,  having  evolved 
a system  of  group  predation  of  significant  adaptive  advantage  in  trop- 
ical environments. 

However,  these  carnivores  are  themselves  not  without  predators. 
Bequaert  (1922)  reports  Anomma  species  from  the  stomachs  of  4 
species  of  African  toads  (genus  Bufo)  and  3 species  of  African  frogs 
(in  the  genera  Rana , Kassinaf  Hemisus).  He  also  reports  that 
driver  ants  are  commonly  eaten  by  African  skinks  of  the  genus 
Mabuya  and  by  pangolins  (scaly  anteaters)  of  the  genus  Manis. 
Chapin  (1932)  indicates  that  driver  ants  are  eaten  by  several  species 
of  African  birds,  including  the  Guinea  fowl,  Phasidus  niger  Cassin. 
My  own  observations  in  Ghana  place  the  domestic  chicken  among 
Anomma  predators,  for  driver  ants  frequently  forage  in  village  refuse 
heaps  where  chickens  are  also  regular  visitors.  These  chickens  walk 
along  the  columns  and  clusters  of  worker  ants,  picking  up  and  swal- 
lowing individual  workers  while  carefully  avoiding  any  other  con- 
tact with  the  ants.  Insects  and  other  arthropods  have  not  been  ob- 
served as  important  Anomma  predators.  While  flies  of  the  genera 

* Manuscript  received  by  the  editor  October  24,  1972 


348 


1972] 


Gotwald  — Oecophylla 


349 


Bengalia  (Calliphoridae)  and  Stylo gaster  (Conopidae)  are  recorded 
as  Anomma  predators  (Cohic,  1948),  the  term  predator  is  applicable 
only  in  the  case  of  Bengalia.  Bengalia  flies  fly  about  and  land  near 
Anomma  columns  and  eventually  dart  toward  individual  workers, 
stealing  their  prey  or  brood  (Bequaert,  1922).  Stylo  gaster , on  the 
other  hand,  is  parasitic  on  insects,  particularly  cockroaches,  that 
flee  before  Anomma  foraging  swarms,  and  on  tachinid  and  muscid 
flies  that  are  attracted  to  such  swarms  (Smith,  1967).  Stylo  gaster 
is  also  abundant  over  the  swarms  of  New  World  dorylines,  and  para- 
sitizes cockroaches  and  tachinid  flies  (Rettenmeyer,  1961).  The  eggs 
of  these  conopids  are  inserted  into  the  host  cuticle,  and  the  larvae 
are  internal  parasites. 

During  May  and  June  of  1971,  while  collecting  driver  ants  in 
Ghana,  I observed  on  5 separate  occasions  the  ant  Oecophylla  long- 
inoda  (Latreille)  (subfamily  Formicinae)  successfully  attacking 
Anomma  workers.  It  became  apparent  that  O.  longinoda  is  a com- 
mon predator  of  driver  ants  and  that  it  may  be  one  of  the  very  few 
insect  predators  of  the  subgenus. 

Two  other  species  of  ants  were  seen  to  attack  Anomma,  but  each 
case  involved  unusual  circumstances.  In  the  first  case,  workers  of 
the  ponerine  ant  Paltothyreus  tarsatus  (Fabricius)  carried  off  the 
larvae  and  pupae  of  D.  ( Anomma ) nigricans  Illiger  that  had  been 
discarded  while  the  nest  of  the  Anomma  colony  was  being  excavated. 
In  the  second  case,  a small  species  of  Crematogaster  dragged  away 
Anomma  workers  that  had  been  injured  by  an  automobile  that  passed 
over  an  Anomma  column.  (Note:  driver  ants  move  in  columns, 
usually  along  well  marked  trails,  during  foraging  and  during  emi- 
gration or  nest  relocation).  Cohic  (1948)  also  records  an  encounter 
between  Crematogaster  and  Anomma. 

O.  longinoda,  commonly  referred  to  as  the  red  tree  ant,  is  con- 
centrated in  several  areas  in  the  Ethiopian  Region  and  is  considered 
to  be  an  efficient  predator  with  a painful  bite  ( Vanderplank,  i960). 
This  ant  is  dimorphic,  with  its  maxima  caste  performing  the  forag- 
ing tasks  (Weber,  1949).  Although  O.  longinoda  previously  has 
been  recorded  as  a predator  of  Anomma  by  Cohic  (1948),  Ledoux 
(1950),  Vanderplank  (i960),  Way  (1954),  and  Weber  (1949), 
the  extent  of  this  predation  was,  in  most  cases,  not  indicated.  Note: 
the  major  weapons  in  predatory  attack  for  both  Oecophylla  and 
Anomma  are  the  mandibles.  O.  longinoda,  a formicine  ant,  is  sting- 
less, while  Anomma  workers  possess  what  appears  to  be  a function- 
less  sting. 

Of  the  5 observations  of  Oecophylla  predatory  behavior,  2 oc- 
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curred  in  the  coastal  scrub  and  grassland  region  at  Legon  and  3 in 
the  moist  semi-deciduous  forest  region  (2  at  Kade  and  1 at  Tafo), 
and  each  involved  predation  on  the  species  Anomma  nigricans.  Al- 
though all  African  populations  of  Oecophylla  are  considered  to  be 
one  species,  the  observations  at  Kade  involved  the  commonly  occur- 
ring dark  form. 


Discussion 

O.  longinoda  attacks  both  emigrating  and  foraging  columns  of 
Anomma , but  attacks  the  columns  at  a limited  number  of  selected 
points.  In  some  cases  the  Anomma  trails  over  which  the  columns 
move  are  marked  by  soil  particle  walls,  while  in  other  cases,  the 
columns  march  along  completely  exposed  trails  or  trails  covered  in 
part  by  grasses  and  organic  debris.  Some  trails  are  subterranean  or 
covered  with  soil  particle  ceilings  built  by  the  Anomma  workers.  In 
the  observations  reported  here,  the  Anomma  trails  either  had  soil 
particle  walls  or  were  partially  covered  by  organic  debris  (primarily 
leaves ) . 

Single  Anomma  workers  are  removed  from  the  column  by  individ- 
ual foraging  O.  longinoda  workers.  The  O.  longinoda  workers  are 
either  positioned  outside  of  the  soil  particle  walls  or  on  leaves  and 
twigs  adjacent  to  or  overhanging  the  Anomma  column.  An  O. 
longinoda  worker  quickly  thrusts  its  head  into  the  column,  grasps  an 
Anomma  worker  in  its  mandibles  and  pulls  it  from  the  moving  col- 
umn. In  one  case  (Tafo)  the  O.  longinoda  workers  removed  Ano?n- 
ma  workers  from  a diffuse  column  expansion.  The  Anomma  workers 
are  rarely  alarmed  by  the  removal  of  a single  sister  worker,  although 
in  one  instance,  the  O.  longinoda  attack  was  so  widespread  that  the 
Anomma  column  was  subsequently  disrupted.  O.  longinoda  workers 
are  obviously  afforded  some  protection  by  the  trail  wall  or  by  the 
space  between  the  column  and  their  position  on  the  surrounding 
vegetation  (Fig.  1).  Anomma  workers  are  generally  excitable  and 
easily  disturbed,  and  thus  it  is  surprising  that  they  are  usually  so 
little  disturbed  during  an  Oecophylla  attack. 

Way  ( 1954)  notes  that  O.  longinoda  grabbed  A.  nigricans  workers 
from  the  column,  but  adds  that  the  Anomma  workers  had  “strayed 
from  the  main  stream.”  While  it  is  true  that  the  Anomma  workers 
selected  by  O.  longinoda  foragers  are  peripherally  located  in  the  col- 
umn, they  are  not  usually  “strays.”  Way  (1954)  also  reports  that 
Anomma  soldiers  were  never  taken,  but  I observed  on  several  occa- 
sions soldiers  being  attacked  and  immobilized.  Although  most 
Anomma  workers  attacked  were  not  of  the  soldier  caste,  this  may 
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Fig.  1.  Captive  Anomma  worker  (indicated  by  arrow)  and  attacking  O.  longinoda  foragers  at  the  begin- 
ning of  the  immobilization  phase  of  predatory  attack. 
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be  merely  a reflection  of  the  polymorphic  proportions  of  the  colony 
population. 

While  the  removal  of  Anomma  workers  from  the  column  is  per-' 
formed  by  individual  O.  longinoda  workers,  the  immobilization  of 
prey  is  the  result  of  group  action.  O.  longinoda  workers  surround 
the  initial  foraging  worker  and  its  Anomma  captive  and  bite  and 
grasp  the  Anomma  worker  extremities,  and  at  the  same  time  begin 
pulling  (Fig.  i).  Additional  O.  longinoda  workers  are  recruited 
to  this  task,  perhaps  by  the  secretion  of  alarm  substances.  The 
mandibles,  legs,  antennae  and  parts  of  the  alitrunk,  petiole,  and 
gaster  are  grasped  (Fig.  i).  Anywhere  from  5 to  20  O.  longinoda 
workers  arrange  themselves  around  the  Amomma  worker.  In  all 
cases,  regardless  of  Anomma  worker  size,  captured  workers  were 
incapable  of  mounting  an  adequate  defense  and  were  unable  to  bite 
their  captors  (i.e.  they  are  unable  to  reach  the  O.  longinoda  worker 
because  of  their  position  in  its  mandibles). 

The  Anomma  worker  is  immobilized  through  prolonged  stretch- 
ing, and  this  method  of  prey  immobilization  is  common  in  Oecophyl- 
la  (Gressitt,  1956;  Ledoux,  1950;  Vanderplank,  i960;  Way,  1954; 
Weber,  1949).  The  stretching  of  prey,  spread-eagle  fashion,  may 
be  common  to  predaceous  ants  whose  mandibles,  perhaps  in  combina- 
tion with  their  stings,  are  not  efficacious,  at  least  at  the  individual 
level,  in  quickly  killing  or  immobilizing  prey.  For  instance,  New 
World  doryline  ■swarm  raiders,  such  as  Eciton  burchelli  (Westwood) 
and  Labidus  coecus  (Latreille)  stretch  their  large  prey  until  it  is 
torn  to  pieces  (Schneirla,  1971).  In  this  case,  not  only  does  the 
stretching  serve  to  kill  the  prey  but  to  subdivide  it  as  well,  thus  ■ 
facilitating  the  transport  of  the  prey  back  to  the  bivouac.  The  O. 
longinoda  mandibles  do  not  appear  to  pierce  the  integument  of  the 
Anomma  workers,  although  Way  (1954)  notes  that  the  soft  cuticle  f 
of  limb  and  abdominal  joints  of  prey  is  sometimes  breached.  He 
further  reports  that  the  O.  longinoda  workers  sometimes  curl  their 
gasters  dorsally  and  spray  “poison”  on  these  wounds. 

After  the  Anomma  worker  is  immobilized,  it  is  usually  carried 
by  one  or  two  Oeoophylla  workers  to  their  arboreal  nest.  If  the 
Anomma  worker  is  not  completely  immobilized,  more  than  2 workers 
may  cooperate  in  carrying  it  to  the  nest.  In  one  observation,  the 
Anomma  worker  was  pulled  at  and  stretched  for  20  minutes,  re- 
sulting in  almost  complete  immobilization.  Four  O.  longinoda workers 
then  proceeded  to  carry  the  worker  up  a tree  trunk,  1 graspingf‘the 
Anomma  mandible,  1 an  antenna  and  1 each  the  metathoracic  legs. 
The  Anom?na  worker  occasionally  moved  its  legs,  catching  its  tarsal 
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claws  on  lichens  and  mosses  growing  on  the  bark.  Eventually  2 
workers  managed  to  carry  it  up  into  the  tree.  Way  (1954)  timed 
the  stretching  of  a honeybee  by  O.  longinoda  workers  and  found  it 
also  lasted  20  minutes. 

The  predatory  attack  of  O.  longinoda  on  Anomma  driver  ants 
is  thus  divisible  into  3 phases : ( 1 ) the  attack  phase,  in  which  an 
individual  Anomma  worker  is  seized  and  removed  from  the  column; 
(2)  the  immobilization  phase,  in  which  additional  O.  longinoda 
workers  are  recruited  to  stretch  the  Anomma  worker  until  it  is  no 
longer  able  to  move;  and  (3)  the  transfer  phase,  in  which  the  im- 
mobilized Anomma  worker  is  carried  to  the  Oecophylla  nest. 

Although  in  all  observations  the  Oecophylla  workers  carried  off 
many  Anomma  workers,  the  number  may  not  be  significant  with  re- 
spect to  the  total  number  of  Anomma  workers  comprising  a colony. 
Way  (1954)  notes,  in  his  observations  of  Oecophylla  attacks  on  A. 
nigricans,  that  in  one  case,  in  a period  of  an  hour,  348  Ano?nma 
were  carried  into  one  tree  and  252  into  another. 

The  importance  of  driver  ants  in  the  diet  of  O.  longinoda  can- 
not be  calculated  at  this  point.  It  is  known  that  insect  prey  and 
sugars  are  essential  for  the  survival  and  reproduction  of  an  O.  long- 
inoda colony  (Vanderplank,  i960).  The  role  of  Anomma  as  a food 
source  may  depend,  to  a large  extent,  on  chance  movements  of  A nom- 
ma  columns  into  Oecophylla  colony  territories.  Obviously  the  prob- 
ability of  such  an  occurrence  depends,  in  part,  on  the  colony  densities 
of  prey  and  predator  in  a given  area.  The  efficiency  of  foraging 
behavior  in  Anomma  may  in  itself  increase  the  probability  of  chance 
encounters  with  Oecophylla.  Numerous  foraging  columns,  for  in- 
stance, may  simultaneously  work  out  from  an  Anomma  nest,  may 
frequently  change  direction,  and  may  start  anew  each  day,  thus  en- 
abling the  colony,  in  its  search  for  nutrient  sources,  to  probe  the 
environment  in  many  directions. 

Are  the  roles  of  predator  and  prey  in  the  Oecophylla-Anomma  in- 
teraction ever  reversed  ? Evidence  for  such  a reversal  might  be 
found  in  the  prey  materials  carried  by  Anomma  workers  back  to  the 
nest.  I made  11  extensive  surveys  of  prey  taken  from  Anomma  for- 
aging columns  in  areas  where  O.  longinoda  is  also  found,  and  in 
only  one  sample  was  there  such  evidence.  It  contained  the  gaster  of 
an  adult  O.  longinoda  worker.  It  appears  that  O.  longinoda  is  not 
often  attacked  by  Anomma , though  it  is  not  likely  that  Oecophylla 
could  effectively  resist  an  Anomma  foraging  swarm.  However,  it 
is  probable  that  the  arboreal  nests  of  O.  longmoda  are  simply  out  of 
reach  of  A nomma  foragers.  My  own  observations  indicate  that  while 
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Anomma  does  forage  in  trees  at  heights  greater  than  io  feet,  they 

are  less  likely  to  do  so  than  they  are  to  forage  in  lower  vegetation. 

Cohic  (1948)  reports  that  while  he  observed  D.  ( ’Anomma)  nigri- 
cans foraging  in  trees  to  heights  of  about  10  meters,  the  nests  of 

Crematogcister  and  Oecophylla  were  spared  or  avoided. 

Summary 

1.  O.  longinoda  is  an  important  predator  of  Anomma  driver  ants 
and  may  be  the  single  most  important  insect  predator  of  Anom- 
ma in  areas  where  the  two  are  sympatric. 

2.  In  attacking  Anomma , an  O.  longinoda  worker  reaches  into  a 
moving  Anomma  column  (foraging  or  emigrating)  and  seizes  an 
individual  Anomma  worker  in  its  mandibles,  pulling  it  quickly 
from  the  column.  This  is  termed  the  attack  phase  of  the  preda- 
tory interaction. 

3.  After  the  Anomma  worker  is  removed  from  the  column,  the  ini- 
tial O.  longinoda  forager  is  joined  by  sister  workers,  which  to- 
gether immobilize  the  prey  through  prolonged  stretching.  This  is 
termed  the  immobilization  phase. 

4.  When  the  Anomma  worker  is  sufficiently  immobilized,  it  is  car- 
ried back  to  the  Oecophylla  nest  by  1 or  more  workers.  This  is 
termed  the  transfer  phase. 

5.  Individual  Anomma  workers  are  unable  to  successfully  defend 
themselves,  and  little  or  no  alarm  is  generated  in  the  column 
when  the  worker  is  removed. 

6.  All  Anomma  workers,  regardless  of  size,  including  soldiers,  are 
subject  to  O.  longinoda  attack. 

7.  Immobilization  of  prey  through  prolonged  stretching  may  be 
employed  by  predaceous  ants  whose  mandibles  and/or  stings  are 
ineffective  in  subduing  prey  at  the  individual  level. 

8.  O.  longinoda  is  an  effective  predator  of  Anomma  because,  (a)  it 
usually  attacks  the  Anomma  column  at  a limited  number  of 
points  and  generally  avoids  disrupting  Anomma  movement; 
(b)  it  seizes  and  removes  Anomma  workers  from  the  column 
quickly,  thus  avoiding  a widespread  alarm  response;  (c)  it  at- 
tacks from  defensively  advantageous  positions  outside  of  the  col- 
umn, reducing  its  vulnerability  to  Anomma  alarm  response. 

9.  In  areas  densely  populated  by  O.  longinoda  (where  the  probabil- 
ity of  chance  encounter  is  high),  an  Anomma  colony  may  lose 
several  hundreds,  theoretically  thousands,  of  workers  per  day  to 
Oecophylla  predation. 
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TRAIL  FOLLOWING  AND  ITS  DEVELOPMENT  IN 
THE  NEOTROPICAL  ARMY  ANT  GENUS  ECITON 
(HYMENOPTERA:  FORMICIDAE:  DORYLINAE) 

By  Howard  Topoff,  Katherine  Lawson 
and  Patricia  Richards1 

Introduction 

Results  of  numerous  field  studies  on  the  neotropical  army  ants 
Eciton  hamatum  (Fabricius)  and  E.  burchelli  (Westwood)  have 
shown  that  newly  eclosed  callow  workers  do  not  participate  in 
adult  activities  such  as  raiding  until  they  have  matured  in  the  col- 
ony environment  for  several  days  after  the  onset  of  the  nomadic 
phase.  Nevertheless,  the  callows  of  both  species  do  emigrate  along 
with  the  colony,  beginning  on  the  very  first  nomadic  day  (Schneirla, 
1971).  We  have  offered  several  hypotheses  to  account  for  the  be- 
havioral deficit  of  the  callows.  One  hypothesis  proposes  that  the 
sensitivity  of  the  callows  to  their  colony’s  chemical  trail  is  too  low 
for  them  to  be  able  to  follow  along  it  during  the  day’s  raid.  By 
late  afternoon,  however,  the  strength  of  the  trail  may  be  sufficiently 
increased  (as  it  is  constantly  reinforced  by  tens  of  thousands  of  ants 
running  back  and  forth  over  it)  so  that  the  callows  are  able  to  par- 
ticipate in  the  emigration.  This  paper  presents  the  results  of  a study 
designed  to  compare  the  performance  of  callow  and  mature  adult 
workers  of  E.  hamatum  and  E.  burchelli  on  their  own  colony’s  trail. 

Methods 

This  study  was  conducted  on  Barro  Colorado  Island,  Panama 
Canal  Zone.  Features  of  the  Island  that  make  it  suitable  for  army 
ant  research  have  been  described  by  Rettenmeyer  ( 1963). 

Field  methods  consisted  of  daily  patrols  of  the  Island’s  numerous 
trails  to  locate  statary  colonies.  The  first  indication  that  a colony 
was  about  to  enter  a new  nomadic  phase  was  the  appearance  of  empty 
pupal  cases  on  the  ground  near  the  bivouac,  and  the  presence  of 
lightly-pigmented  callow  workers  inside  of  the  nest.  The  first  nomad- 
ic day  was  defined  as  the  day  on  which  the  first  emigration  of  the 
entire  colony  took  place. 

Callow  and  mature  adult  ants  were  collected  by  collapsing  a sec- 

department  of  Psychology,  Hunter  College  of  the  City  University  of 
New  York,  and  Department  of  Animal  Behavior,  The  American  Museum 
of  Natural  History,  New  York,  N.Y.  10024. 
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tion  of  the  bivouac  wall  with  a trowel,  and  allowing  the  ants  to  drop 
into  a plastic  box.  When  this  method  did  not  yield  enough  ants, 
we  aspirated  additional  individuals  from  the  area  around  the  nest. 
In  the  laboratory  the  ants  were  kept  in  a glass  aquarium. 

At  the  start  of  each  day’s  test,  a petroleum  ether  extract  of  whole 
ants  was  prepared  by  adding  60  ml  of  ether  to  a jar  containing  300 
intermediate-sized  mature  adult  ants.  A circular  trail  of  the  ether 
extract  (63  cm  in  circumference)  was  deposited  on  discs  of  filter 
paper,  by  allowing  the  extract  to  flow  out  of  a microburet  suspended 
above  a phonograph  turntable  which  was  spinning  at  78  rpm.  The 
ether  evaporated  in  5 seconds,  and  in  order  to  observe  whether  the 
test  ants  were  following  the  trail,  the  filter  paper  was  placed  upon 
a corresponding  circular  template.  The  template  circle,  as  well  as 
the  lines  dividing  it  into  16  sectors,  were  clearly  visible  through  the 
discs  of  filter  paper.  A new  disc  of  filter  paper  was  used  for  each 
trial. 

In  order  to  insure  uniform  orientation  of  each  test  ant  at  the 
start  of  trail  following,  a plastic  enclosure  was  used  (Fig.  1).  It 


Fig.  1.  Apparatus  used  to  insure  that  all  test  ants  initially  orient  to 
the  trail  in  an  identical  manner.  For  explanation,  see  text. 
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consisted  of  a circular  chamber  (5.0  cm  in  diameter,  1.4  cm  high) 
which  opened  into  a tunnel  that  was  7.9  cm  long.  The  tunnel  was 
the  same  height  as  the  adjoining  circular  chamber,  and  was  1.2  cm 
wide.  This  width  was  chosen  because  it  was  approximately  equal  to 
the  leg  span  of  the  intermediate-sized  workers  of  E.  hamatum  and 
E.  burchelli  ( i.e.,  workers  whose  overall  length  was  between  7.0  and 
9.0  mm).  The  curvature  of  the  tunnel  was  equal  to  that  of  the 
trail. 

The  circular  chamber  was  divided  approximately  in  half  by  a 
vertical  partition  attached  to  its  lid.  Each  test  ant  entered  the  cham- 
ber through  a hole  in  the  lid,  and  the  partition  prevented  it  from 
contacting  the  trail  during  the  15  second  period  in  which  it  was  al- 
lowed to  adapt  to  the  chamber.  At  the  end  of  this  interval  the  lid 
with  the  partition  was  replaced  with  another  lid  without  a partition, 
thus  allowing  the  ant  access  to  the  trail. 

For  each  dilution  of  ether  extract  that  was  used,  60  intermediate- 
sized ants  (30  callows  and  30  mature  adults)  were  selected  at  ran- 
dom from  the  mass  of  ants  in  the  aquarium.  The  dilutions  were 
prepared  by  adding  different  amounts  of  pure  ether  to  the  extract. 
Ants  were  tested  individually,  and  as  indices  of  trail  following  we 
recorded  the  number  of  ants  following,  the  distance  travelled  on 
the  trail  (maximum  distance  = 580  mm),  and  the  speed  of  travel 
along  the  trail.  If  an  ant  did  not  leave  the  runway  at  the  end  of 
one  minute,  a negative  response  was  recorded. 

Results 

The  results  of  comparing  trail-following  performances  between 
callow  and  mature  adult  worker  ants  from  three  colonies  of  E . 
hamatum  and  one  colony  of  E.  burchelli  are  shown  in  Table  1. 
It  is  clear  that  when  comparisons  are  made  as  to  the  relative  ability 
of  callow  and  mature  adult  ants  to  follow  any  portion  of  the  trail, 
as  well  as  comparisons  of  the  number  from  both  groups  able  to  com- 
plete the  trail,  the  differences  are  not  significant  in  approximately 
two-thirds  of  the  cases.  The  third  measure  of  trail  following  we 
considered  was  the  median  distance  (in  mm)  followed  by  callow 
and  mature  adult  ants  in  each  test  series.  Again,  these  differences 
were  usually  not  significant.  The  only  measure  of  trail-following 
performance  that  consistently  illustrated  the  behavioral  immaturity 
of  the  callows  was  their  speed  of  running  over  the  trail.  At  all 
dilutions  on  all  nomadic  and  statary  days  in  which  tests  were  con- 
ducted, the  running  speed  of  the  callows  of  both  species  was  slower 
than  that  of  the  mature  adult  ants. 
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Discussion 

It  is  clear  that  the  absence  of  callow  army  ants  from  raiding 
trails  during  the  first  few  days  of  the  nomadic  phase  can  not  be  ex- 
plained on  the  basis  of  their  inability  to  follow  the  chemical  trail  of 
their  colony.  Nevertheless,  there  are  significant  differences  in  trail- 
following performance  between  callow  and  mature  adult  ants,  espe- 
cially in  their  speed  of  running  along  the  trail.  If  the  callows  did 
attempt  to  participate  in  raiding  activities,  their  deficit  in  locomotory 
ability  could  make  them  very  inefficient  predators.  This,  together 
with  the  observation  that  callow  army  ants  placed  in  raiding  columns 
are  behaviorally  disorganized  (Schneirla,  1971)  makes  it  likely  that 
it  is  adaptive  to  the  colony  for  the  callows  not  to  participate  in  raid- 
ing until  they  have  matured.  However,  the  fact  that  the  behavior 
of  the  callows  is  adaptive  to  the  colony  still  does  not  explain  the 
mechanism  that  keeps  them  inside  of  the  nest. 

Although  there  is  relatively  little  data  on  the  behavior  of  the  cal- 
low workers  in  the  nest  immediately  after  their  eclosion,  Schneirla 
(1952)  reported  that  they  feed  voraciously.  Rettenmeyer  (1963) 
also  observed  callows  feeding  on  booty,  but  pointed  out  the  difficulty 
of  estimating  the  quantity  of  food  consumed  or  the  duration  of  the 
active  feeding  periods.  If  the  callows  are  preoccupied  in  feeding 
intensively  during  the  first  few  days  after  their  emergence  from  the 
pupal  stage  of  development,  this  could  account  for  their  absence 
from  raiding  columns. 

Another  hypothesis  stems  from  the  observation  that  callow  workers 
tend  to  cluster  tightly  together,  both  in  the  bivouac  and  in  emigra- 
tion columns  (Rettenmeyer,  1963;  Schneirla,  1938).  This  intense 
clustering  may  result  from  an  extreme  sensitivity  of  the  callows  to 
chemical  and  tactual  stimuli.  Inside  the  bivouac  the  intensity  of 
tactual  stimulation  is  high,  as  a result  of  the  continual  contact  among 
callows  and  other  ants.  The  nest  is  also  saturated  with  trail  sub- 
stance and  other  chemical  stimuli  (which  arise  from  the  workers, 
the  queen,  and  even  the  booty).  Accordingly,  whenever  a callow 
leaves  the  bivouac  the  intensity  of  stimuli  impinging  upon  it  decreases 
abruptly.  Outside  the  nest  the  amount  of  tactual  stimulation  is  de- 
creased as  the  adult  ants  fan  out  along  the  trail.  The  intensity  of 
chemical  stimuli  is  also  decreased,  as  volatile  chemicals  diffuse  and 
as  the  concentration  of  trail  chemicals  decreases  from  a dense  sphere 
surrounding  the  ants  inside  the  nest  to  only  a narrow  trail  leading 
away  from  the  nest.  As  a result,  callows  attempting  to  leave  the 
nest  would  experience  a sudden  decrease  in  chemotactual  stimulation, 
with  the  result  that  they  would  become  disoriented.  This,  in  turn, 
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would  cause  the  callows  to  reverse  their  direction  of  movement  and 
return  to  the  stimulus-saturated  interior  of  the  nest.  By  the  end  of 
the  day’s  raid,  and  immediately  preceding  the  start  of  an  emigration, 
a large  portion  of  the  adult  workers  are  out  of  the  nest.  Then,  as 
the  full-scale  emigration  progresses,  the  remaining  adult  population, 
together  with  the  brood  and  queen,  also  leaves  the  nest.  Thus,  at 
some  time  between  the  beginning  of  an  emigration  and  its  peak,  the 
relative  concentration  of  chemical  and  tactual  stimulation  outside  of 
the  bivouac  may  be  sufficient  to  attract  the  callows  out  of  the  nest. 
This  may  occur  because  the  callows  are  particularly  attracted  to  the 
chemical  secretions  and  tactual  stimuli  that  arise  from  one  subpopu- 
lation of  the  entire  colony  (such  as  the  adult  workers,  the  brood, 
the  queen,  or  even  the  booty) . Or,  the  stimulative  effect  on  the 
callows  may  be  quantitative  — that  is  the  callows  may  leave  the  nest 
when  the  magnitude  of  stimulation  outside  the  nest  increases  suffi- 
ciently, regardless  from  which  particular  segment  of  the  colony  the 
stimuli  arise. 

We  have  recently  made  an  observation  in  the  field  that  is  con- 
sistent with  the  hypothesis  that  high  concentrations  of  social  stimu- 
lation arising  inside  the  nest  serve  to  keep  callow  army  ants  inside 
the  nest  during  the  first  few  days  of  the  nomadic  phase.  During  a 
recent  study  of  the  nocturnal  army  ant  species  Neivamyrmex  nigre- 
scens  (Cresson)  in  southeastern  Arizona,  we  located  a statary  col- 
ony bivouacked  beneath  a rock  in  the  bank  of  a creek.  The  statary 
raids  were  unusually  weak,  with  only  several  dozen  workers  partici- 
pating. On  subsequent  nights,  the  raids  never  increased  in  strength. 
One  night  we  were  surprised  to  find  several  dozen  newly  eclosed 
callow  ants  running  sluggishly  over  the  entire  raiding  route  (which 
extended  up  to  50  m from  the  nest).  No  emigration  occurred  that 
night.  The  next  night  the  callows  were  again  observed  along  with 
the  adults  on  the  raiding  trails.  No  emigration  occurred  the  second 
night  either.  We  then  proceeded  to  dig  up  the  nest,  and  we  found 
that  the  entire  colony  consisted  of  between  100  and  200  mature 
adults  and  approximately  50  callows.  There  was  no  large  mature 
adult  or  callow  population,  no  brood,  and  no  queen.  As  far  as  I 
know,  this  is  the  first  report  of  callow  army  ants  participating  in 
raiding  immediately  after  their  eclosion  from  the  pupal  stage,  and 
it  is  significant  that  in  this  one  case  there  was  no  colony  to  speak 
of,  and  hence  no  large  source  of  social  stimulation. 

In  the  army  ants,  as  in  social  species  representing  many  levels  of 
invertebrate  and  vertebrate  evolutionary  history,  immature  individ- 
uals are  not  immediately  integrated  into  the  society  of  their  group, 
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but  become  so  gradually,  as  a result  of  numerous  maturational  and 
experiential  effects  that  occur  within  the  colony  environment.  Al- 
though the  literature  on  the  social  behavior  of  ants  is  vast,  espe- 
cially studies  concerning  the  pheromonal  basis  of  sociality,  behavior- 
ists  have  largely  ignored  the  developmental  aspects  of  such  studies. 
We  hope  that  our  contributions  will  stimulate  more  research  on  the 
development  of  social  behavior  in  these  insects. 
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Summary 

Comparisons  were  made  between  the  trail-following  performance 
of  callow  and  mature  adult  ants  representing  two  species  of  the 
neotropical  genus  Eciton.  The  behavioral  immaturity  of  the  callows 
was  evidenced  by  the  fact  that  their  running  speeds  over  the  trails 
were  significantly  slower  than  those  of  the  older  ants.  Nevertheless, 
the  number  of  callows  able  to  follow  along  any  portion  of  the  trail, 
as  well  as  the  number  able  to  complete  the  trail,  was  not  signifi- 
cantly different  from  the  older  ants.  Accordingly,  we  can  not  ac- 
count for  the  absence  of  callow  ants  from  raiding  columns  during 
the  first  few  days  after  their  emergence  from  the  pupal  stage  of  de- 
velopment as  due  to  their  inability  to  follow  the  chemical  trail.  We 
hypothesize  that  the  callows’  sensitivity  to  chemical  and  tactual  stim- 
ulation inside  of  the  nest  may  serve  to  prevent  them  from  participat- 
ing in  raiding  activities. 


Literature  Cited 

RETTEN  MEYER,  C.  W. 

1963.  Behavioral  studies  of  army  ants.  Univ.  Kansas  Sci.  Bull.,  44: 
281-465. 

SCHNEIRLA,  T.  C. 

1938.  A theory  of  army-ant  behavior  based  upon  the  analysis  of  activ- 
ities in  a representative  species.  Jour.  Comp.  Psychol.,  25:  51-90. 

1952.  Basic  correlations  and  coordinations  in  insect  societies  with  spe- 
cial reference  to  ants.  Colloq.  Internatl.  Cent.  Nat.  Rech.  Sci., 
34:  247-269. 

1971.  Army  Ants:  A Study  in  Social  Organization . (W.  H.  Freeman 
& Co.,  San  Francisco). 


THE  GENUS  CORINNA  (ARANEAE,  CLUBIONIDAE) 
IN  PANAMA 

By  Arthur  M.  Chickering 
Museum  of  Comparative  Zoology,  Harvard  University 

In  1937  I reported  five  species  of  the  genus  Corinna  from  Barro 
Colorado  Island,  Panama  Canal  Zone  as  follows:  Corinna  bulbosa 
F.  P. -Cambridge,  C.  crassipalpis  Chickering,  C.  mucronata  F.  P.- 
Cambridge,  C.  robusta  Chickering,  C.  silvatica  Chickering.  These 
were  all  identified  from  my  collection  of  1934.  Since  that  date 
numerous  specimens  of  Corinna  have  accumulated  as  a result  of 
of  several  additional  field  trips  in  Panama.  These  are  all  being 
placed  in  the  Museum  of  Comparative  Zoology.  While  preparing 
these  specimens  for  integration  into  the  collections  I have  identified 
several  species  not  recognized  in  1937.  Four  of  these  appear  to 
represent  new  species.  As  a result  of  my  study  of  all  specimens  now 
available  I believe  that  I am  able  to  report  a total  of  twelve  species 
of  the  genus  Corinna  now  known  from  Panama.  These  may  be 
listed  as  follows:  C.  bulbosa  F.  P.-Cambridge ; C.  bulbula  F.  P.- 
Cambridge;  C.  casueta  sp.  nov. ; C.  crassipalpis  Chickering;  C . gras- 
sima  sp.  nov.;  C.  luteomaculata  Petrunkevitch ; C.  mucronata  F. 
P.-Cambridge;  C.  nervosa  F.  P.-Cambridge;  C.  perida  sp.  nov.; 
C.  robusta  Chickering;  C.  silvatica  Chickering;  C.  tenubra  sp.  nov. 
Six  of  these  are  known  from  both  sexes,  four  are  known  only  from 
males  and  the  remaining  two  are  known  only  from  females. 

Genus  Corinna  C.  L.  Koch,  1842 
During  my  study  of  this  genus  from  Panama  I have  found  that 
males  have  quite  distinctive  tibial  and  tarsal  palpal  features  with 
little  variation  among  individuals  of  a species.  Females,  however, 
appear  to  have  only  obscurely  distinctive  epigynal  features  and  with 
a rather  high  degree  of  variation  among  specimens  of  a single  spe- 
cies. It  is  my  opinion  that  a thorough  revisional  study  of  the  whole 
genus  is  needed. 

Corinna  bulbosa  F.  P.-Cambridge 
Figures  1-6 

Corinna  bulbosa  F.  P.-Cambridge,  1899:  67,  figs.  3-4.  Male  and  female 
types  are  in  the  British  Museum  (Natural  History).  Petrunkevitch, 
1911:  464;  1925:  75,  156;  Banks,  1929:  58;  Chickering,  1937:  22; 
Roewer,  1954:  595;  Bonnet,  1956:  1209. 

Corinna  eutypa  Chamberlin,  1925:  222.  The  female  holotype  from  Barro 
Colorado  Island,  Panama  Canal  Zone  is  in  the  Museum  of  Compara- 
tive Zoology,  examined. 
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The  author  of  this  species  had  specimens  of  both  sexes  from  Teapa, 
Mexico  and  Guatemala.  Dr.  Petrunkevitch  first  reported  the  species 
from  Panama  in  1925.  Banks  first  identified  Corinna  eutypa  Cham- 
berlin as  a synonym  of  Corinna  hulhosa  F.  P.-Cambridge.  In  1937 
I had  several  specimens  of  both  sexes  from  Barro  Colorado  Island, 
Panama  Canal  Zone. 

At  the  present  time  the  collection  in  the  Museum  of  Comparative 
Zoology  includes  many  specimens  of  both  sexes  from  the  following 
localities  in  the  Panama  Canal  Zone : Barro  Colorado  Island,  Balboa, 
Canal  Zone  Forest  Preserve,  Madden  Dam  region,  Gamboa.  The 
collection  also  includes  both  sexes  from  Panama  outside  of  the  Canal 
Zone  as  follows:  El  Valle,  Porto  Bello.  This  species  appears  to 
be  the  most  abundant  of  any  of  the  species  from  Panama. 

Among  the  many  specimens  available  for  study  I have  noted 
considerable  variation  in  color  pattern.  The  epigynum  varies  con- 
siderably; some  females  show  no  spermathecae ; in  some  others  these 
organs  are  relatively  small;  in  still  other  specimens  they  are  rela- 
tively large.  Some  specimens  show  a fairly  well  delineated  dorsal, 
abdominal  scutum  but  in  some  other  individuals  there  is  little  or 
no  evidence  of  the  feature.  The  palpal  features  of  males  seem  to 
occur  with  little  or  no  important  variations.  Figures  1-6  illustrate 
what  I consider  to  be  the  most  important  features  of  the  male 
palp  and  some  of  the  variations  in  appearance  of  the  epigynum. 

Corinna  perida  sp.  nov. 

Figure  7 

Holotype.  The  female  holotype  is  from  Barro  Colorado  Island, 
Panama  Canal  Zone,  July  7,  1936.  The  name  of  the  species  is  an 
arbitrary  combination  of  letters. 

Description.  Total  length,  including  extended  chelicerae  and  spin- 
nerets, nearly  12  mm.  Carapace  nearly  4.8  mm  long,  nearly  4.18  mm 
wide  opposite  second  coxae  where  it  is  widest;  nearly  1.78  mm  tall ; 
gently  arched  from  PME  to  just  above  anterior  end  of  well  ex- 
posed median  thoracic  groove;  with  descent  from  that  region  to 
posterior  border;  union  of  thoracic  and  cephalic  regions  well  marked. 
Eyes:  eight  in  two  rows  as  usual  in  the  genus;  viewed  from  above, 
posterior  row  gently  procurved  and  anterior  row  nearly  straight; 
viewed  from  in  front,  anterior  row  gently  procurved.  Central  ocu- 
lar quadrangle  only  slightly  wider  in  front  than  behind  and  only 
slightly  wider  in  front  than  long.  Ratio  of  eyes  AME  : ALE  : 
PME  : PLE  = nearly  16  : 12  : 11  : 11.5.  Lateral  eyes  quite 
oval ; long  axes  used  for  measurements.  AME  separated  from  one 
another  by  slightly  more  than  their  radius  and  separated  from  ALE 
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Figures  1-6.  Corinna  bulbosa  F.  P.-Cambridge.  Fig.  1.  Distal  end  of 
left  palpal  tarsal  bulb  removed  from  cymbium.  Figs.  2-3.  Left  palpal  tibia ; 
prolateral  and  retrolateral  views,  respectively.  Figs.  4-6.  Epigyna  from 
below  showing  variation  in  appearance.  Figure  7.  Corinna  perida  sp.  nov. ; 
epigynum  of  holotype  from  below. 
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by  slightly  less  than  their  diameter.  PME  separated  from  one  an- 
other by  nearly  1.5  times  their  diameter  and  from  PLE  by  nearly 
2.5  times  their  diameter.  Laterals  separated  by  nearly  seven-twelfths 
of  the  diameter  of  ALE.  Height  of  clypeus  nearly  equal  to  1.33 
times  the  diameter  of  AME.  Chelicerae:  much  extended;  dorsally 
gibbous  as  usual  near  base;  fang  typical  of  the  genus;  promargin 
of  the  fang  groove  with  four  teeth  and  retromargin  also  with  four 
teeth,  first  small.  Maxillae:  convergent  but  not  meeting;  essentially 
typical  of  the  genus.  Lip : slightly  wider  near  middle  than  long ; 
slightly  more  than  half  as  long  as  maxillae.  Sternum:  typical  of  the 
genus  in  general;  moderately  convex;  longer  than  wide  in  ratio 
of  nearly  23  : 19;  surface  finely  granulate;  anterior  border  nearly 
straight.  Legs:  4123  in  order  of  length;  all  legs  with  occasional 
spines  but  none  are  conspicuous.  Abdomen:  quite  typical  of  females 
of  the  genus;  without  observed  special  modifications;  with  no  dorsal 
scutum.  Epigynum:  moderately  distinctive  (Fig.  7).  Color  in  alco- 
hol : carapace  and  chelicerae  as  usual  in  the  genus,  a rich,  dark, 
reddish  brown  with  few  variations ; sternum  a light  yellowish  brown ; 
legs  and  other  mouth  parts  yellowish  brown  with  variations;  abdo- 
men a purplish  brown  dorsally  and  dorsolaterally ; venter  yellowish; 
spinnerets  light  yellowish;  irregular,  small,  whitish  spots  at  posterior 
end  of  dorsum. 

Diagnosis.  This  species  seems  to  be  closely  related  to  Corinna 
bulbosa  F.  P. -Cambridge  and  Corinna  robusta  Chickering.  The 
characters  of  the  epigynum  are  sufficient  to  establish  it  as  a new 
species.  Efforts  to  match  this  specimen  with  one  of  the  unmatched 
males  have  been  unsuccessful. 

Records.  No  paratypes  have  appeared  in  the  collection  and  the 
male  is  unknown. 


Corinna  casueta  sp.  nov. 

Figures  8-10 

Holotype.  The  male  holotype  is  from  Barro  Colorado  Island, 
Panama  Canal  Zone,  July  4,  1954.  The  name  of  the  species  is  an 
arbitrary  combination  of  letters. 

Figures  8-10.  Corinna  casueta  sp.  nov.  Fig.  8.  Left  palpal  tarsus;  ven- 
tral view.  Fig.  9.  Left  palpal  patella  and  tibia;  retrolateral  view.  Fig.  10. 
Distal  end  of  left  palpal  femur;  nearly  prolateral  view.  Figures  11-16. 
Corinna  grassima  sp.  nov.  Fig.  11.  Anterior  border  of  sternum  of  holotype. 
Fig.  12.  Distal  end  of  left  palpal  tarsus;  ventral  view.  Figs.  13-14.  Left 
palpal  tibia;  nearly  ventral  and  retrolateral  views,  respectively.  Figs.  15-16. 
Epigyna  of  described  female  paratype  and  second  female,  respectively. 
Figure  17.  Corinna  crassipalpis  Chickering;  epigynum  from  below. 
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Description.  Total  length,  including  extended  chelicerae,  11.96 
mm.  Carapace  nearly  5.2  mm  long;  nearly  3.9  mm  wide  opposite 
second  coxae  where  it  is  widest;  nearly  1.69  mm  tall;  arched  from 
PME  to  beginning  of  gradually  sloping  posterior  declivity  opposite 
interval  between  second  and  third  coxae;  with  a well  defined  median 
thoracic  groove;  with  cephalic  region  considerably  raised.  Eyes: 
eight  in  two  rows  as  usual  in  the  genus;  viewed  from  above,  anterior 
row  gently  recurved  and  poster  row  slightly  procurved;  viewed  from 
in  front,  anterior  row  gently  procurved.  Lateral  eyes  on  gently 
raised  tubercles.  Height  of  clypeus  nearly  1.33  times  the  diameter 
of  AME.  Ratio  of  eyes  AME  : ALE  : PME  : PLE  = 16  : 10  : 
10  : 11.  AME  separated  from  one  another  by  a little  less  than  their 
radius  and  from  ALE  by  slightly  less  than  their  diameter.  PME 
separated  from  one  another  by  nearly  1.5  times  their  diameter  and 
from  PLE  by  nearly  2.7  times  their  diameter.  Central  ocular  quad- 
rangle wider  in  front  than  behind  in  ratio  of  nearly  20  : 17;  slightly 
wider  in  front  than  long.  Chelicerae : robust;  very  gibbous  dorsally 
at  base;  promargin  of  fang  groove  with  three  teeth  and  a fairly  well 
developed  scopula;  the  retromargin  has  four  teeth  the  first  of  which 
is  minute.  Maxillae:  convergent  but  not  meeting  beyond  lip;  abruptly 
truncate  distally;  with  a well  developed  scopula.  Lip:  quite  typical 
of  the  genus  in  general;  widest  just  below  middle  where  it  is  slightly 
wider  than  long.  Sternum:  quite  typical  of  the  genus  in  general; 
widest  between  second  coxae;  nearly  four-fifths  as  wide  as  long; 
posterior  end  just  opposite  bases  of  fourth  coxae  which  are  separated 
by  nearly  one-fifth  of  their  width.  Legs:  4123  in  order  of  length; 
all  legs  with  spines.  Palp:  important  features  shown  in  Figures  8- 
10;  tibial  apophysis  quite  distinctive.  Abdomen:  essentially  typical 
of  males  of  the  genus ; with  a very  small,  poorly  defined,  dorsal,  basal 
scutum  which  is  somewhat  better  defined  in  some  paratypes.  Color 
in  alcohol:  carapace  and  chelicerae  a rich,  dark,  reddish  brown; 
maxillae,  lip,  palps,  legs  and  sternum  all  yellowish-brown  with  varia- 
tions too  indefinite  to  describe  in  detail;  sternum  finely  pitted  and 
with  short,  stiff  hairs.  The  abdomen  is  a purplish-brown  dorsally 
and  dorsolaterally ; ventrally  it  is  light  yellowish;  there  is  a narrow, 
irregular  purplish  band  ventral  to  the  spinnerets. 

Diagnosis.  This  species  appears  to  be  closely  related  to  Corinna 
hulbosa  F.  P.-Cambridge  and  Corinna  robusta  Chickering  now  well 
known  from  the  same  locality.  The  features  of  the  male  palp  defi- 
nitely establish  it  as  a new  species. 

Records.  Three  male  paratypes  are  in  the  collection  from  the 
Panama  Canal  Zone  as  follows:  Gatun,  March  6,  1958;  Barro  Colo- 
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rado  Island,  August  2,  1936  and  January  14,  1958.  The  female  is 
unknown. 

Corinna  grassima  sp.  nov. 

Figures  11-16 

Holotype.  The  male  holotype  is  from  Barro  Colorado  Island, 
Panama  Canal  Zone,  May  17,  1964.  The  name  of  the  species  is  an 
arbitrary  combination  of  letters. 

Description.  Total  length,  including  much  extended  chelicerae. 
6.75  mm.  Carapace  nearly  2.53  mm  long;  nearly  2.29  mm  wide 
opposite  interval  between  second  and  third  coxae  where  it  is  widest; 
nearly  0.81  mm  tall;  with  a well  defined  median  thoracic  groove; 
finely  serrated  along  ventral  margin.  Eyes:  eight  in  two  rows  essen- 
tially as  usual  in  the  genus;  viewed  from  above,  anterior  row  slightly 
recurved  and  posterior  row  gently  procurved ; viewed  from  in  front, 
anterior  row  slightly  procurved.  Central  ocular  quadrangle  slightly 
wider  behind  than  in  front;  wider  behind  than  long  in  ratio  of 
nearly  19  : 16.  Ratio  of  eyes  AME  : ALE  : PME  : PLE  = 
nearly  6.5  : 5.5  : 5 15.  AME  separated  from  one  another  by 
nearly  their  diameter  and  from  ALE  by  slightly  more  than  their 
radius.  PME  separated  from  one  another  by  nearly  1.6  times  their 
diameter  and  from  PLE  by  nearly  twice  their  diameter.  Lateral 
eyes  separated  from  one  another  by  nearly  four-fifths  of  the  diameter 
of  PLE.  Height  of  clypeus  nearly  equal  to  the  diameter  of  AME. 
Chelicerae:  robust;  somewhat  rugulose;  very  much  extended;  very 
gibbous  dorsally  near  base;  with  well  developed  basal  boss;  pro- 
margin of  right  fang  groove  apparently  with  only  two  teeth  and 
retromargin  with  five;  some  irregularities  with  teeth  along  left  fang 
groove;  some  variations  noted  among  paratypes.  Maxillae:  only 
slightly  convergent;  robust;  nearly  twice  as  long  as  wide;  quite 
typical  of  the  genus  in  general.  Lip:  about  half  as  long  as  maxillae; 
a little  wider  near  base  than  long;  sternal  suture  procurved.  Ster- 
num: surface  finely  granulate;  typical  of  the  genus  in  general;  mod- 
erately convex;  longer  than  wide  between  second  coxae  in  ratio  of 
nearly  67  : 58;  anterior  margin  quite  distinctive  (Fig.  11;  posterior 
end  sharply  pointed  and  reaches  just  opposite  bases  of  fourth  coxae 
which  are  separated  by  nearly  0.4  of  their  width;  surface  finely 
granulate  and  with  numerous  short  hairs.  Legs:  4123  in  order  of 
length;  all  legs  with  spines.  Palp:  essential  features  shown  in  Fig- 
ures 12-14;  tibial  apophysis  simple  but  distinctive;  bulbar  canali- 
culus intricately  convoluted  essentially  as  in  Corinna  robusta  Chick- 
ering  and  Corinna  casueta  sp.  nov.  Abdomen:  essentially  typical  of 
males  of  the  genus;  with  a short,  rather  poorly  outlined  dorsal, 
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basal  scutum.  Color  in  alcohol:  carapace  and  chelicerae  a rich,  dark, 
reddish  brown;  sternum  somewhat  lighter;  legs  with  femora  nearly 
like  carapace  ; other  segments  yellowish  brown  with  variations.  Ab- 
domen: dorsum  and  lateral  sides  a rich  dark,  reddish  brown  with 
numerous  yellowish  dots;  muscle  impressions  yellowish;  venter  with 
book-lung  areas  yellowish  and  region  between  these  streaked  with 
brown;  behind  the  genital  groove  the  venter  has  three  brownish 
stripes  bordered  by  four  narrow,  irregular,  yellowish  stripes;  spin- 
nerets and  areas  at  their  bases  nearly  white;  ventral  area  quite  vari- 
able among  paratypes. 

Female  paratype.  Total  length  nearly  7.6  mm.  Carapace  nearly 
2.62  mm  long;  nearly  2.24  mm  wide  opposite  second  coxae  where  it 
is  widest;  nearly  one  mm  tall  shortly  behind  PME  where  it  is  tall- 
est; very  finely  serrated  along  ventral  margin;  with  a fairly  well 
defined  median,  thoracic  groove.  The  female  selected  for  description 
follows  the  features  of  the  male  holotype  so  closely  that  a detailed 
description  is  regarded  as  unnecessary.  The  epigynum  seems  to  be 
obscurely  distinctive  (Fig.  15).  As  usual  in  this  genus,  variations 
in  the  appearance  of  the  epigynum  have  been  noted  among  the  females 
available  for  comparison  (Fig.  16). 

Diagnosis.  This  species  appears  to  be  another  member  of  the 
group  represented  by  Corinna  robusta  Chickering  and  Corinna 
bulbosa  F.  P. -Cambridge.  The  features  of  the  male  palp  and  the 
obscurely  distinctive  features  of  the  female  epigynum  establish  it 
as  a new  species. 

Records.  The  described  female  paratype  was  taken  in  the  same 
locality  and  at  the  same  time  as  the  male  holotype.  Both  sexes  are 
in  the  collection  from  the  following  localities  in  the  Panama  Canal 
Zone:  Canal  Zone  Forest  Preserve,  August,  1939;  Gatun,  February 
and  March,  1958;  Barro  Colorado  Island,  Corozal  and  Balboa, 
May,  1964. 

Corinna  bulbula  F.  P.-Cambridge 

Corinna  bulbula  F.  P.-Cambridge,  1899:  67,  figs.  2-2a.  The  male  holo- 

type from  Bugaba,  Panama  is  in  the  British  Museum  (Natural  History). 

Petrunkevitch,  1911:  465;  1925:  75;  Roewer,  1954:  595;  Bonnet,  1956: 

1210. 

This  species  has  not  appeared  in  my  collections  from  Panama  and, 
as  far  as  I have  been  able  to  determine,  has  not  been  reported  since 
the  original  description  was  published  by  the  author  of  the  species. 

Corinna  crassipalpis  Chickering 
Figure  17 

Corinna  crassipalpis  Chickering,  1937:  22,  figs.  15,  21,  65-66.  The  male 
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holotype  from  Barro  Colorado  Island,  Panama  Canal  Zone,  is  in  the 
Museum  of  Comparative  Zoology,  Roewer,  1954:  596;  Bonnet,  1956: 
1210. 

In  1937  I had  only  the  male  holotype,  two  female  paratypes  and 
one  additional  male  paratype.  At  present  the  collection  includes  sev- 
eral additional  males  and  females  all  from  the  following  localities 
in  the  Canal  Zone:  Barro  Colorado  Island,  Fort  Randolph  and  Fort 
Sherman  and  all  were  collected  in  June,  July  and  August,  1936, 
1939  and  1950.  Figure  17  represents  a clearly  outlined  epigynum. 

Corinna  luteomaculata  Petrunkevitch 
Corinna  luteomaculata  Petrunkevitch,  1925:  154,  figs.  77-78.  The  female 
holotype  from  Cerro  Flores,  Panama  is  in  the  Peabody  Museum,  Yale 
University,  Roewer,  1954:  598;  Bonnet,  1956:  1213. 

This  is  another  species  which  has  not  appeared  in  my  collection 
from  Panama  and  is  still  known  only  from  the  female  holotype. 

Corinna  t#nubra  sp.  nov. 

Figures  18-22 

1 Holotype . The  male  holotype  is  from  Barro  Colorado  Island, 
Panama  Canal  Zone,  June,  1950.  The  name  of  the  species  is  an 
arbitrary  combination  of  letters. 

Description.  Total  length,  including  extended  chelicerae,  nearly 
7.86  mm.  Carapace  2.93  mm  long;  nearly  2.20  mm  wide  opposite 
second  coxae  where  it  is  widest;  nearly  0.88  mm  tall  shortly  behind 
PME  and  then  slightly  descending  to  beginning  of  posterior  declivity 
opposite  interval  between  third  and  fourth  coxae;  with  a fairly  well 
defined  median  thoracic  groove.  Eyes:  eight  in  two  rows  as  usual 
in  the  genus;  viewed  from  above,  anterior  row  moderately  recurved 
and  posterior  row  definitely  procurved  (Fig.  18).  Central  ocular 
quadrangle  only  slightly  wider  in  front  than  behind;  about  as  wide 
in  front  as  long.  Ratio  of  eyes  AME  : ALE  : PME  : PLE  — 
nearly  11  : 8 : 9 : 8.5.  AME  separated  from  one  another  by  slightly 
more  than  their  radius  and  from  ALE  by  slightly  less  than  their 
radius.  PME  separated  from  one  another  by  nearly  their  diameter 
and  from  PLE  by  nearly  1.3  times  their  diameter.  Lateral  eyes 
separated  by  nearly  the  radius  of  ALE.  Height  of  clypeus  nearly 
equal  to  the  diameter  of  AME.  Second  row  of  eyes  only  slightly 
wider  than  anterior  row.  Chelicerae : robust ; much  extended ; slightly 
divergent;  teeth  along  fang  groove  not  determined  because  of  secre- 
tion and  fragility  of  holotype.  Maxillae : convergent  but  not  meeting 
beyond  lip;  with  well  developed  distal  scopulae.  Lip:  slightly  wider 
than  long;  slightly  less  than  half  as  long  as  maxillae.  Sternum: 
moderately  convex;  slightly  lobed;  nearly  as  wide  as  long;  with  an 
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Figures  18-22.  Comma  tenuhra  sp.  nov.  Fig.  18.  Eyes  of  holotype  from 
above.  Fig.  19.  Sternum  of  holotype  from  below.  Fig.  20.  Left  palpal  tar- 
sus of  holotype;  ventral  view.  Figs.  21-22.  Left  palpal  tibia;  prolateral 
and  retrolateral  views,  respectively. 
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unusual  concavity  at  each  anterolateral  corner  (Fig.  19)  ; posterior 
end  sharply  pointed  and  just  opposite  bases  of  fourth  coxae  which 
are  separated  by  nearly  one-third  of  their  width.  Legs:  4123  in 
order  of  length;  all  legs  with  spines;  typical  in  general  of  the  genus. 
Palp:  essential  features  shown  in  Figures  20-22;  tarsal  canaliculus 
simply  folded,  not  intricately  convoluted.  Abdomen:  all  parts  essen- 
tially typical  of  males  of  the  genus.  Color  in  alcohol:  carapace  a 
rich  reddish  brown  with  darker  streaks  radiating  from  region  of 
median  thoracic  groove;  with  a moderate  amount  of  black  pigment 
in  ocular  area;  chelicerae  nearly  like  carapace;  sternum  a medium 
yellowish  brown ; legs  light  yellowish  brown  with  some  variation ; 
abdomen  generally  yellowish,  lighter  ventrally;  just  dorsal  to  spin- 
nerets there  is  a purplish  area  which  continues  dorsolaterally  with 
diminishing  clarity  to  base. 

Diagnosis.  This  species  seems  to  be  most  closely  related  to  Corinna 
mucronata  F.  P.-Cambridge.  The  palpal  features  together  with  the 
unusual  sternal  concavities  definitely  establish  it  as  a new  species. 

Records.  There  are  no  male  paratypes  and  the  female  is  unknown. 

Corinna  mucronata  F.  P.-Cambridge 
Figures  23-25 

Corinna  mucronata  F.  P.-Cambridge,  1899:  69,  figs.  7-8.  The  male  holo- 
type  from  Bugaba,  Panama  is  in  the  British  Museum  (Natural  History). 
Petrunkevitch,  1911:  467;  1925:  75;  Banks,  1929:  50;  Chickering,  1937: 
25. 

Banks  (1929)  reported  the  species  from  Barro  Colorado  Island 
and  Fort  Sherman,  Panama  Canal  Zone.  At  present  the  collection 
in  the  Museum  of  Comparative  Zoology  includes  numerous  speci- 
mens of  both  sexes  from  Barro  Colorado  Island,  July-August,  1934, 
1936  and  1939  together  with  specimens  taken  in  May,  1964.  I 
also  have  collected  the  species  in  Boquete,  El  Valle  and  Porto  Bello 
all  in  Panama. 

There  is  considerable  variation  in  size  among  the  specimens  now 
available  for  study.  The  sternum  is  quite  convex  and  nearly  as  wide 
as  long.  The  male  palp  has  a complicated  tibia  and  tarsus.  There 
is  considerable  variation  in  the  appearance  of  the  female  epigynum 
(Figs.  24-25). 

Corinna  nervosa  F.  P.-Cambridge 

Corinna  nervosa  F.P.-Cambridge,  1899:  70,  fig.  9.  The  male  holotype 
from  Guatemala  or  Bugaba,  Panama  is  in  the  British  Museum  (Natural 
History).  Petrunkevitch,  1911:  467;  1925:  76;  Roewer,  1954:  598  ; 
Bonnet,  1956:  1214. 

This  is  another  species  which  has  not  been  found  in  my  collections 
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from  Panama.  Apparently  it  has  not  been  reported  since  the  original 
descriptions  were  published. 

Corinna  robusta  Chickering 
Figure  26 

Corinna  robusta  Chickering,  1937:  25,  figs.  20,  53,  75-76.  The  male  holo- 
type  from  Barro  Colorado  Island,  Panama  Canal  Zone  is  in  the  Museum 
of  Comparative  Zoology.  Roewer,  1954:  599;  Bonnet,  1956:  1216. 

In  addition  to  the  holotype  and  described  female  paratype  the 
collection  now  includes  one  male  from  Barro  Colorado  Island,  July- 
August,  1936  and  two  females  from  the  same  locality,  June-July, 
1934  and  July-August,  1936  together  with  a female  from  El  Valle, 
Panama,  July,  1936  and  a female  from  Porto  Bello,  Panama,  Au- 
gust, 1936.  The  species  has  not  been  found  in  my  collections  from 
Panama  since  1936.  As  usual  in  this  genus,  the  epigynum  varies 
considerably  in  appearance  among  the  few  specimens  available  for 
study  (Fig.  26). 


Corinna  silvatica  Chickering 
Figures  27-28 

Corinna  silvatica  Chickering,  1937:  27,  figs.  9,  26,  82-83.  The  male  holo- 
type from  Barro  Colorado  Island,  Panama  Canal  Zone  is  in  the  Museum 
of  Comparative  Zoology,  Roewer,  1954:  600;  Bonnet,  1956:  1216. 

The  collection  in  the  Museum  of  Comparative  Zoology  now  in- 
cludes one  male,  June,  1950  and  nine  females  collected  June-July, 
1934;  June  25,  1936;  July- August,  1939.  All  are  from  Barro  Colo- 
rado Island,  Panama  Canal  Zone.  There  is  considerable  variation 
among  the  females  regarding  the  appearance  of  the  epigynum  and 
some  uncertainty  exists  regarding  the  correct  identification.  Figures 
27-28  are  offered  here  to  show  variations  in  appearance  of  this  organ. 
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